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Abstract

Introduction: With increasing demand for chicken meat, the chemical composition of meat carcasses has become
more important. Despite advances in medical care and food technology in recent years, foodborne infections and food
poisoning, as well as food spoilage in developed and developing countries are still a major problem for human health and
the economy. During the storage period, the quality characteristics of meat is shortened due to bacterial and oxidative
spoilage. Oxidative spoilage causes unpleasant odors, unpleasant changes in taste, and changes in the structure of nutrients
and reduces the nutritional value of the product. While spoilage and microbial contamination lead to product wastage and
poses serious health risk to consumers. Increasing interest in using less synthetic preservatives has led to use of natural
derivatives with antimicrobial properties. Biodegradable coatings are a good alternative to plastic packaging, given the
problems they have with recycling and environmental pollution. Chitosan coating containing Zataria multiflora essential
oil is known to possess good antioxidant and antibacterial properties due to the presence of thymol and carvacrol
compounds and their ability to establish hydrogen bonds with other monoterpenes such as y-tropenes.

Materials and methods: Zataria multiflora was purchased in the spring from Sari Medicinal Plants Store. It’s
essential oil was prepared by distillation method using Clevenger and then dehydrated with sodium sulfate and passed
through 0.45 pm syringe filters and stored in dark containers at 4°C (Rezaie et al., 2015).In this study, the use of
biodegradable and edible coating of chitosan with thyme essential oil to increase the shelf life of chicken fillets during
refrigeration was investigated. Treatments included control, 2% chitosan, 1.5% essential oil and treatment containing 2%
chitosan with 1.5% essential oil, which were stored at 4 ° C for 24 days. The antioxidant and antimicrobial properties of
chitosan and thyme essential oil were evaluated by measuring the total amount of phenolic compounds, free radical
scavenging (DPPH), and FRAP. Quality assessment with chemical tests; pH, TBA, TVB-N, and microbial count
(mesophilic bacteria and Pseudomonas) were measured at 4-day intervals.

Results and discussion: The results of quality assessment during the refrigeration period for all treatments showed
an increasing trend in pH. TBA (mg MDA/kg fat), TVB-N (mg N/100g), TMC and Pseudomonas (CFU/g) in coated
treatments with 2% chitosan and 1.5% essential oil on day 24 of storage were 6.6, 1.78, 26.8, 6.7 and 6.42, respectively,
and showed the highest shelf-life. Since, thyme essential oil and chitosan have increased the shelf-life of chicken fillets
due to their antioxidant and antimicrobial activity.

The use of biopolymers such as chitosan, gelatin, etc., which have a good ability to maintain and release antioxidant
and antimicrobial compounds, is increasing in food packaging. In this study, the preservation effects of chitosan coating
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containing Zataria multiflora essential oil on increasing the shelf life of chicken fillets were investigated and it was found
that chitosan coating and Zataria multiflora essential oil alone and in combination had good preservation effects.
According to the results, 2% chitosan coating containing Zataria multiflora essential oil can increase the shelf life of
chicken fillets, which is due to the very good performance of chitosan coating containing Zataria multiflora essential oil
due to its synergistic effect on antimicrobial and antioxidant properties. Between chitosan coating and thyme essential oil
in preventing microbial growth and chemical spoilage and shelf life for control treatments, chitosan 2%, thyme essential
oil 1.5%, and chitosan 2% containing thyme essential oil 1.5% respectively 8, 16, 16 and 24 days. Therefore, they can be
used to store chicken fillets and meat products.

Keywords: Chicken fillet, Zataria multiflora Boiss, chitosan, Biodegradable coating.
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Fig. 1. PH changes of chicken fillet samples during the storage period in the refrigerator
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Abstract
Introduction: Vinegar is an ancient fermented food consumed by human since Babylons period. It is a condiment

that produced from various carbohydrate sources by alcoholic and subsequently acetic acid fermentation. Alcoholic
fermentation is carried out by Saccharomyces cerevisiae, while the acetic acid fermentation is performed by acetic acid
bacteria. Most of the acetic acid bacterial strains are classified in the Acetobacter genus and derived from vinegar
factories that are able to oxidize ethanol to acetic acid and some strains over oxidize acetic acid into CO, and H,O
(over-oxidation). In acetic acid fermentation, important physical parameters that affect the growth of A.aceti are
temperature, aeration and pH. Other most important factors for enhancing production efficiency of acetic acid are the
nutrients of substrate for increases microbial activity. Considering the significant role of carbon sources and
micronutrients in the fermentation culture to increase the production of acetic acid, in the present study, the effect of
adding ammonium phosphate (0- 0.75 g), potassium sulfate (0- 0.75 g) and Saccharomyces cerevisiae (0- 1.5 g), were
investigated to increase the production of acetic acid using Acetobacter spp.

Materials and methods: Yeast (Saccharomyces cerevisae) was obtained from the Iranian Research Organization
for Science and Technology, Department of Biotechnology in Tehran, Iran with code number 5052. All chemicals were
from Merck Co. Acetic acid production was performed by Acetobacter spp in a fermenter (Biostat B B.Brun) with a
capacity of 10 L which contained 5000 ml of fermentation culture in 9.9 acidity. Mash with a capacity of 3000 ml
containing 450 ml of vinegar with 9.9 acidity, 350 ml of ethanol 97%, 2.1 g of dextrose and the rest up to 3000 ml of
water was produced and 300 ml of it was injected into the fermenter every 4 hours (in 10 steps). After complete
injection, the fermentation operation continued for 9 hours. Agitation speed, aeration rate and temperature in the
fermenter were 900 rpm, 50 L/min and 32°C, respectively. Determination of the best conditions for producing acetic
acid was performed by Response Surface Methodology (RSM) in the form of central composite design. Independent
variables were yeast concentration (0- 1.5 g), concentration of the ammonium phosphate (0- 0.75 g), and the potassium
sulfate concentration (0- 0.75 g). RSM models were developed and optimization was done for the highest acidity,
activity and oxidation value and the lowest residual alcohol content in the product. Optimal and control samples were
examined in terms of qualitative characteristics such as acidity, activity, residual alcohol content, oxidation value, total
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dissolved solids, reducing sugar, total phenol, ascorbic acid, sulfur dioxide and heavy metals. Comparison of the
optimal and control samples was done in a completely randomized design using SAS ver: 9.1 software.

Results and discussion: The results showed that increasing the concentration of yeast and ammonium phosphate
led to increase the initial and final acidity, activity and oxidation value and decrease the amount of residual alcohol. The
effect of increasing potassium sulfate was negative and reduced the initial and final acidity, activity and oxidation value.
However, interaction effects of potassium sulfate concentration with other variables at its intermediate levels on
reducing the amount of residual alcohol in the product was positive. The optimal levels of the studied variables were
determined as 1.5 g of Saccharomyces cerevisiae, 0.75 g of ammonium phosphate and 0.38 g of potassium sulfate. In
control sample (without the independent variables), initial and final acidity, activity and oxidation index were lower and
the residual alcohol content was higher than the standard level. Therefore, the optimal sample was compared with the
control and using industrial activator (Astasome). The optimal sample in terms of initial and final acidity, activity,
residual alcohol content and oxidation value had not a significant difference (p> 0.05) with the control sample
(containing Astasome). Moreover, the optimal and control samples were not significantly difference in ascorbic acid
and reducing sugar (p> 0.05), while the optimal sample in terms of total phenol content, sulfur dioxide and heavy
metals like lead, zinc and copper was superior compared to the control sample (p <0.05). Overall, the results of this
study indicated the positive effect of yeast, ammonium phosphate, and the potassium sulfate at suitable concentration on
qualitative characteristics of acetic acid.

The results revealed that using of appropriate amounts of Saccharomyces cerevisiae, ammonium phosphate and
potassium sulfate in substrate as a source of micronutrients improve quality of acetic acid production by Acetobacter

Spp.

Keywords: Acetic acid, Acetobacter, Saccharomyces cerevisiae, Response surface methodology.
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Table 1- Levels of independent variables in different treatments and the values of their dependent variables

Potassium . Saccharomyces
sulfate (g) Ammonium cerevisiae (g) Treatments
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0.63 0.13 1.25 10
0.13 0.63 1.25 11
0.63 0.63 0.25 12
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0.38 0.00 0.75 15
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0.63 0.13 0.25 17
0.63 0.63 1.25 18
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Table 2- Variance analysis of the effects of yeast level, ammonium phosphate and potassium sulfate concentration on the
qualitative characteristics (initial acidity, final acidity, activity, residual alcohol, oxidation index) of acetic acid

Response
Oxidation index Residual alcohol Activity Final acidity Initial acidity
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The dark lines in the table indicate that the relevant variable has no effect on the measured responses.

***: significant difference at the 0.001%, **: significant difference at the 1% level, *: Significant difference at the 5%.
ns: no significant difference
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Table 3- Coefficients of developed models on the studied parameters

&l Response

Oxidation Residual alcohol Activity Final acidity Initial acidity
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- - #-0,002 - - Pa3
0.93 0.94 0.98 0.94 0.94 R2
268946.10 0.62 0.0001 0.83 0.74 Lack of Fit
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0: intercept 1: yeast concentration, 2: ammonium phosphate concentration, 3: potassium sulfate concentration
*, ** *** indicate significance at the probability level of 95%, 99% and 99.9% respectively and ns indicates non-significance.

(¥ WY) ohKen o Nadeem .cul ooly iolidl 1) <yt Sl
o3 700 b 7V ) g clale lEl b a5 Kged bl
gacble > (LI o uph freol bausg dpl Sy g8
391 0 Sl gl ;50 ladlas )5 b e 2l /0D 5 YL
(w0 PO g ¢ gun) coms «yd) tusaw clale joljel b oS
Ored 9 So g Aol g Sl sl 1g e £S5 Ve 4 Y
Caol @Bl 2l ans LB jeba sniSilal cbad clake
clale (wyp 250 slacdale ole ,> .(7Nadeem et al., 201)
Ol cae aige bulyd Glye 4 gl e Ve Gl 4 pS A

(Zhang et al., 2020) 1 820 yuo53 035L

Cullad O gt
ok 1y pley asly o ansl Lilisl e culled ol yus
4 pgd dxyd Jao oS w0 L Y sl 5l ol s e e
Uil e dilisee slajles > cudld @lpss 5l otel Cawd
Taw ) oyp 90 lapite Jlie ¢l gl (P<0.001) w3
oo plgi 1l oaims yLis 48 39y o ae duoyd A/ yliels]
5 osl Cansty bt olsl A8l e Clsd Sy e
Sland g jesme clale (b oSy copd Og Cute F g
Clind gy e L2l b & ool (s oyl 3o pasisel

A5 2bpyl ewals g e Jeaxe ol g 4yl absl
L g mely s SU05L 4 Wlg o el ol cde (P<0.001)
TR ed 9 dfigpe pulog)Ule 10035 9 ADy p sedlpe
SAES 3910 Sl g Lo )3 39290 (531 Sl Gle S
adJl (Gorji et al., 2007) 34 o3ls s LSy plil 45 Ll
Olojer (3938l 29 oo pdaliie (5 5 0 =)) JSB 3 & pshailen
adgl an sl Sl Cute 23U (eawly Olilgw ¢ posigel Clawd
2 g 86 jogad > glie (poyp ) Jpame 2l 4
polie Golite LU 5l Gl el saiiSudy slag,iSL culled
2 (sostius )...:L oo 92 0938l &8 waly s (Ve e Y) oS
Hag et al., ) 5 ool wsh sl bwg Ky dowl g3
les o5 5 ol (gpplie by oS Lados > (2002
s S pbosl bojd Al 5l Sy dpul W5 b alaily 53 (V2 Y)
L oliiel  jess lase (gl df Car pewln Aolewg,d
ol zls (Mazaheri Asadi, and Nikkhah Maman, 2003)
lasily al3l )5 sgusne 3l ol Alig b 5l olizsl &S sl
Gl B bty iliwg b (13,8 4L 5 Cudls G ptas Sl Mg
g Kial oS o b L Lo dlis p,55lS a5 p)5 -/VD



VFe) LT — o0 oF oyloud MA e oyl ol (2108 @alivo g pole sloidgly apis ¥ o P

I sme Jgame y osile (3L S ggime lyuss ) odal Cawd
By Blie Sl e e (P<O.001) 13,5 sl
oyl duo > A 5 A0 Jlain] o j3 oy dj90 (gl o
Sl glie bl 0nle (Bl IS (ize pr lopite pl 5T
e posigel Sliud g joso clale (I L wed o ol Jue
ol 4 edalie col (1 Jgia) <8l ials oxle BL Sl
slacdan 3y hpan ) (Sl gmelinst g (IS j058 sy
2 Oszen (Maris et al., 2006) cuwl bagye luse ;5 34390

b IS lise (ool 31 gy O Jgan ) odel Canday gl ol
Sy o B Ay b odalie paoly Gllgw clale il b sssle
S 5 e 8y 0iSgine Jole Sy opulty Clidg oS
Sl & S s lossly ials cely g o3gy oo ) gl
a5 el el Cllgw | dume lacdale .l sud Sl
5 My 5wl oad Gilgne & ilsr bl e Lulyd
by S 1) cwl lal Gjlon 8L S o8 Sl ol
oo cale flaze il 3l .(Gorji et al., 2007) cuwl 038" Cadgio
56 peoly Olilgws g posgel Clind (goime o posgel Cland g
o ol |y Jpame > ol (Bl Sl (ggie 3 dne ials
b ety Sl W 1 gpuiso 5 ) s ) JS5) ims
oxile (B S (f5e o) bawgite polie (piomed g byt plo
OBl &S Wygb ol g e 35 b)) Cute Jgae
olehy) dpl clals l3El b b > oxile (Bl U cbals
(Maris et al., 2006) cusl ol yor (didpwl (1581 9 sl 2Jg5
st Adlioe b ol e g (A5 Sl (B b
bow gilo e & axsb oledl (YY) Das 4 Sarkar ke
Ol cage Sl posgel 5 Sl padsel b jes cutS
P N0 (o) dall Wigel 4 Cund St dwsl Mg oy
g poigel 5 iz posigel clale (38l Ll 93 oo (59,5 9
Sarkar and ) s> e Lials 1) sl g5 olesily 7Y B Z+/Y0 )
a8 cdale a5l b oS ol s bl gl yemen L(Das, 2017
Gl Syt dl adgi Glonly ZN0 B 70 5l 55 )Ssw 5 S6lS
el M5 loxily (RI3E1 53 3S9IS 4 Cuas 9 )S 9w 23 5 Wb

Sl i b

Y TUvt) KVWWL Y IRWPRE] ) JUVe )

Canddy (Jos Jao o5 > 0 LS Y Jodo 1 ol zols
I e Glize olajlo 5D ygmeliunST sl Slyuss ) ol
(P<0.001) 15 _b;)

gy @by b phlPl Cdld Gl (Bpas psel
Sy bl pawls Glalgw clale Lilil b clld e ol s
0d9de ,d posigel lawd g oo clale Jlize I .(P<0.001)
e il SYL polie ofug 4 e 9 o Ol ) npang Lo
Sl o (o) JSid) ol 0 bntiges cullad e ytall
g Oglite Caliee Zohaw )3 wawly Slilgw § jedie clale Jilize
2 e e
chble plie 3l (5 =) JS5) 23)5 sanlie clld jSaiia
v a3l )3 36 Vb joolie )3 sl Sl 5 pogigel lind
S agba (5 ) JS) ab bl gee 5 Cute bnjlegs colled
5 lpite plo b palty Slilgw Llize S &8 cutls o)lsl b
w2y cute cdld Sl ol bwgie polie e
4 55U Lngw clale 5 g9 oS cul ] 5 (Sl dasie Sllllas
il (sbaspl Wg 03jl Gl g a5 ALl Copu 2l
o8l b as” Wdges iyl58 (Y4 +q) ohKan o Cevrimli Loyl
bug Soyipw Sl g g pop)S Ve b 0e 5l a8 bl
A eSOV S VL laclale o g Gl e sl ]
(Cevrimli et al., 2009) &b o inlS S piw ol Wg5 035
CutS bae 3 5955°9,8 (139381 &S ol (U 58 K03 (kiod gl
Gage AV G0 J) ol clale Gl pman 5 g2 (g 55>
sl oAbz uplipe] by St el 35 G5
1559 7N B 7I%0 5 cljis pasgel cdale Liolisl b aSJls
R0 ) cuwl ool Cawndds S i dowol Wg5 (> ialS W9, (o>

.(& Reddy, 2013

o33l Sb JSUI (5gixo
Sl g (M (6 a35 30115 295 93 Jolds oSy Mg a5
Imgw 53 29290 Slaliong S o JSU pod dlojo 53 Adb
(Sl Ao po 3 D9d 00 fodd Selsl U 4 b jedie Ly
b b Shgil g |itwsw lsicdr 6 abs yo 5l Jol> S
2 Jebl bl g e fods Sl dpwl 4 amwlinsT aul )3
350 3l by g g 5 2500l & g (3T g
2 olnle 235 o0 afgyieny Sl a4 (8L jUjg
My e &5 Cal lawly 2> Jgase S SISy W55 2] 3
Oglite (Satwl 9 U e3s il lagle; 3 GEoyas 4
39> &S Mg ad b alsye > Sl sg2g gyl 5l
Gllae oS s 13 IS Joib 6 2> 5 Jlomo o0 32 sl
Nascimento et al., ) ol oid iy yo5 Ao yd +/0 o 3ylnikusl b
4 pgd dayd Jho a5 s o i Y Jods jl Jols zols (2005



1Y

g oy Ol gan (o guigol Olimd CunS Sbdiuty 9 il oy | (owlis 9 Gl g0

g BB LelS' 50056 | Cunllos (058 g yetme A (SASdgae
bylass GgehienS] (ol (ol el jposs (loj 08 (SYsb
& dwy e s34 oores J(Ataye Salehi., 2010) a5
Sl b piiSon p dawly & paliy Slgw pasuie glackle
Ee35 Jglp 53 M1 slrl el qmjiio 5 ool Logad (o588
Rashidi and Mazaheri Asadi ) 54 0 Sitwl dowl WJos
P YL polie 55 pasigel liwd g yese clale blize i1 .(2008
2 b)) Gbme 5 cute bjles amwlinST il ]38l

(b= Js3)

Design-Expert® Software

Acidity (%) <
1059

712

il
X1 = B: Ammonium phosphate (g)
X2=C:Potassiumsulfate () 1o

Actual Factor 9
A: Yeast (g) = 0.75

Acidity (%)

C: Potassium sulfate(g) 000 000 B: Ammonium phosphate (g)

Design-Expert® Software
Final Acidity (%)
10.8

Al

2
X1 = B: Ammonium phosphate () !
X2 = C: Potassium sulfate (g) 1

Actual Factor
A: Yeast (g) = 0.75

Final Acidity (%)

C: Potassium sulfate(g)

bl s 53 35 (o) 3)90 oyt I (S Jlite @l 51

oo alg 5l snmdlis 45 gy S e doyd A1 4 A0
4 @l bl Bl gmelinsT Gl Ol Jitse
g oo cbale Bl b a8 595 o oanlie ¥ g I odal cowd
oS Sy g0 D95 e ST 4 gl ienST il pasgel Claws
5y90 Siin dlga 5l Laoma 4 i 4 lyies |y odnlie pl s
ol 45 s yShgal (381 g yesee clled 5 0y Sl
29 7Slgtel g yee Cullad wad Il 4 ot 295 g el
& 4545 b (Plessi, 2003) 54 0 o) 5l Jools Sl sl asess
Addba ely Sllgw clle GLlE X Joe mls

0.00 000 B: Ammonium phosph

)]
Design-Expert® Software

Acidity (%)
10.59

712 _ et

X1 = A: Yeast (g) ”T
X2 = B: Ammonium phosphate (g) ,o“

Actual Factor (]
C: Potassium sulfate (g) = 0.38
8
e {
= 7
B s
he]
=
2 5
0.75 T~
0.56 ~_
0.38 S - ~

8: Ammonium phosphate (g) * ' D\.;l; ey 038 A:Yeast (g)
c
Design-Expert® Software
Final Acidity (%)
108
M B g S T
X1= A Yeast(g) ‘2] ‘

X2 - B: Ammonium phosphate (g) 11 |

Actual Factor L
C: Potassium sulfate (g) = 0.38

9
8
7
8
5

Final Acidity (%)

L-
0.75

-
0.56 ~_
038 S

a19e
B: Ammonium phosphate (g)



1) oUT = g0 oF o5lois A Al ol ol 1dé &oloo idgi a g YOA
Ol = R0 <V 0y olnl @lae e g poie 93 My

Design-Expert® Software
Activity 9
I0.1
0
X1 = A: Yeast (g) e
X2 = C:Potassiumsulfate (9) .1
Actual Factor 0.08
B: Ammonium phosphate (g) = 0.38
2 008
'% 0.04
<
0.02
0
0.75 1.50
0.38 0.75
. 019 0.38 3
C: Potassium sulfate (g) 60 Y0 bt A:Yeast (g)
Design-Expert® Software
Acohol (%)
38
05
X1 = A: Yeast (g)
X2 = B: Ammonium phosphate (g) 5
Actual Factor

C: Potassium sulfate (g) = 0.38

Acohol (%)

| 5
K '//1 13
0.56 < e 0:15

oﬁ‘\ /m A:Yeast (9)

0.19 ~/
B: Ammonium phosphate (g) **° %

Design-Expert® Software

Oxdation value
2100

330

X1=A: Yeast (g) =19
X2 = B: Ammonium phosphate(9) 2250

Actual Factor
C: Potassium sulfate (g) =0.38

1800

1350

900

450

0

Oxidation value

0.75 1.50

0.75

L A: Yeast (g)

B: Ammonium phosphate (g)

0.38

0.00 0.00

Design-Expert® Software
-]
Activity
0.1
0
0.12
X1=A: Yeast
X2=B: Ammo;?l}m phosphate (g) P attateesesrssesos
: 01 BRI
KRB RRNE
Actual Factor P RSN
C: Potassium sulfate (g) = 0.38 %
g. 0.06
2
g 004
<
0.02
0
0.75 1.50

0.38 0.75

0.38

B: Ammonium phosphate {g) o1¢ A:Yeast (g)
0.00 0.00
lesign-Expert® Software
ctivity 3
0.1
0

.12
1= B: Ammonium phosphate (9?
2=C:Potassiumsulfate (g) o1

ctual Factor 0.08
:Yeast(g) = 0.75
> 006
.‘g
g 004
<
0.02
0
0.75 075
0.38
. . 01e 019
C: Potassium sulfate (g) 0007000 B; Ammonium phosphate (g)
Design-Expert® Soltware
Acohol (%)
38
05
X1 = B: Ammonium phosphate (g)
X2 = C: Potassium sulfate (g)
Actual Factor
A:Yeast(g) = 0.75

0.56

056 0.38
e y
0.38 . S
019
Y

C: Potassiumsulfate (g) %% %

B: Ammonium Phosphate (g)



€ g priliy Olilgas cpguigel Cliud ConS (b it 9 30 oy | (omoles 9 (o s 008

Design-Expert® Software

Oxdation value
2100

330

2700 T
X1 = B: Ammonium phosphate (g) ‘
X2 = C: Potassium sulfate (g) 2250
[

Actual Factor © 1800 |

A: Yeast (g) = 0.75 (—?5 |
> 1350 |
c |
S 900
< 4
B 450
=3 |
o 0

0.75

oaa ~d
019
C: Potassium sulfate (g)

“019

0,00~ 0,00 B: Ammonium phosphate (g)

Sonr] dawt] (25 6 (S 59 Olpmti 3 JBiwe (gL garie Jllio (51 -Y JSUS
Fig. 1. The interaction effect of independent variables on quality characteristics of acetic acid
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Table 4- Prediction accuracy of the response surface models in predicting the quality characteristics of acetic acid

Percentage  Predicted amount Empirical Test
IOl i e valLE o3
LW 20 ke
0.365 1091 10.95 Initial acidity
4l iy s
0.267 11.22 11.25 Final acidity
2l !
10.00 0.11 0.10 Activity
0.00 0.05 0.05 Residual alcohol
suilo AL JSII
7.13 2699.87 2529.00 Oxidation index
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Table 5- Comparison in the optimal sample with the control and the sample containing Astasom

Oxidation index Residual Activity Final acidity  Initial acidity Samples
Y YoV KVOWCA BVORe | alcohol N PY el Al adgl d ! Wdiges
suile SL U
2520+ 9% 0.05+£0.002°  0.1+0.03®®  11.25+0.45® 10.95+ 0.122 Optimum
2630+ 72 0.02+ 0.005°  0.15+0.028  11.28+0.33% 10.82+ 0.24° Sample containing Astasom
P93l (gol> diges
330+ 5°¢ 40+ 0.23? 0+ 0.00° 7.3+ 0.59° 7.3+ 0.67° Control
bl

22l g duge Wiged (A B S g amlio T Jgs
Table 6- Comparison in the qualitative characteristics of the optimal and the control samples

Samples Qualitative parameters
W aiges &S sl
Control Optimum
KEW ke
0.185+ 0.022 0.10+ 0.00P Insoluble solids
(9/200ml) Jolxols sols 3150
4.50+ 0.702 5.00% 0.002 Ascorbic acid
(Mg/1009) Sy 95wl apm
1.95+ 0.07° 6.05+ 0.072 Total phenol
(mg/L) Js Jgid
0.045+ 0.007# 0.05% 0.00?2 Rejuvenation sugar
(9/100g) st w8
8.87+0.28? 6.25+0.21° Sulfur dioxide
(MQ/kg) 2,55 s g
0.0095+ 0.0012  0.0095+ 0.0012 Arsenic
(Mg/kg) Sw,!
0.0095+ 0.001* 0.0075+ 0.004° pb
(Mg/kg) < e
0.87+0.01° 0.45+ 0.07° Zn
(mg/kg) s,
0.50+ 0.00? 0.225+ 0.04° Cu
(Mg/kg) (e
1.16+ 0.022 1.095+ 0.032 Fe
(mg/kg) op»f

(P<O.05) 5515 w2 b Iy gxo ciglas (gylol blod 5l acmglite dg > clyls (clapSile windy yo y
Averages with different letters in rows are different statistically (p<0.05)
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Abstract

Introduction: Herbs and spices, which are essential part of the human diet, have been used in traditional medicine to
increase the flavor, color, and aroma of various foods and food products. Herbs and spices are also known as preservative,
antioxidative, and antimicrobial agents. Plant extracts and their components with pathogen-growth suppression effect and
little toxicity to host cells could be considered as excellent candidates for developing new antimicrobial agents. Trigonella
foenum- graceum is an annual herbaceous plant with bright yellow and sometimes purple-white flowers. Therapeutic
effects of this plant include analgesia, anti-cancer, and treatment of diabetes by lowering blood sugar and lowering blood
lipids. In ancient Egypt, this plant was used to embalm the dead and incense. The seeds of the plant are used to treat
leprosy, hemorrhoids, and relieve bronchitis. The seeds of this plant contain various compounds such as vitamins, amino
acids, saponins, fatty acids, and flavonoids. The antimicrobial and antioxidant effects of T. foenum have been detrmined
byvarious studies. This study was therefore aimed to produce the T. foenum extract and evaluate its antioxidant and
antimicrobial properties.

Materials and methods: Fifty g of powdered plant was added to 250 mL of water and stirred for 72 h. The solution
was passed through the Whatman filter paper and then centrifuged at 3000 rpm for 10 min to discard the suspended solids.
Next, a vacuum evaporator was used to remove the excess water and the obtained extract was packed and kept away from
light at 4 °C. Total phenol and flavonoid contents were measured by colorimetric methods. The antimicrobial effect of
the extract on Escherichia coli, Enterobacter aerogenes, Staphylococcus aureus, Bacillus cereus and Candida albicans
was evaluated using disc diffusion agar (DDA), well diffusion agar (WDA), minimum inhibitory concentration (MIC)
and minimum bactericidal /fungicidal concentration (MBC/MFC) methods. Interaction of aqueous extract and
Chloramphenicol and Amphotericin B was also evaluated. Antioxidant effect of the extract was determined by ABTS,
DPPH, and B-carotene/linoleic acid bleaching assay. Fourier-transform infrared spectroscopy (FTIR) was also used to
identify the functional groups.
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Results and discussion: Total phenol and flavonoid contents of the extract were 46.60 mg GAE/g and 37.57 mg
QE/qg, respectively. The aqueous extract also showed antioxidant effects of 60.55, 55.53 and 50.40%, based on DPPH,
ABTS methods and B-carotene/linoleic acid assay, respectively. T. foenum aqueous extract had the inhibitory effect on
all examined microorganisms, at all concentrations (20, 40, 60 and 80 mg/mL). The antibiotic effect of chloramphenicol
for E. coli, E. aerogenes, S. aureus and B. cereus was 13.30, 14.50, 18 and 19.10 mm, respectively, and the effect of this
antibiotic for C. albicans was not measured. Also, the antibiotic effect of amphotericin B for C. albicans was 15.10 mm.
Furthermore, the interaction of T. foenum aqueous extract with the antibiotic chloramphenicol presented a synergistic
effect on the examined bacteria and led to a significant increase in inhibition zone diameter. Additionally, the interaction
of the extract with antibiotics showed a synergistic effect on C. albicans. In infrared spectrum, peaks at 3370, 2965, and
1613 cm* were related to stretching vibration of O-H, C-H, C=C bonds of aromatic ring and aromatic groups of T. foenum
aqueous extract. In general, the extract of T. foenum could be used as a natural antioxidant and antimicrobial agent in food
and pharmaceutical industries.

Keywords: Aqueous extract of Trigonella foenum, Antimicrobial properties, Antioxidant properties, Total phenol and
flavonoids.
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Table 1- Total phenol, flavonoid and antioxidant activity of aqueous extract of Trigonella foenum

Antioxidant activity (%)

p-carotene/linoleic ABTS DPPH
acid bleaching .
Total flavonoid Total phenol(mg
(mg QE/g) GAE/G)
50.40+ 0.64 55,53+ 0.50 60.55+0.78 37.57+£ 0.39 64.60+ 0.51
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Table 2- Mean inhibition zone (mm) of aqueous extract of Trigonella foenum on pathogenic bacteria (disk diffusion agar)
Concentration (mg/ml)

80 60 40 20 Microorganism
13.40+0.28° 10.80+ 0.32¢ 8.90+ 0.25° 7.10+£0.18°? E. coli
12,50+ 0.35° 10.00+ 0.30° 8.00+ 0.65% 7.00+ 0.40° E. aerogenes
16.30+ 0.42¢ 13.50+0.23° 10.80+ 0.29°  8.40+0.28% S. aureus
15.00+ 0.37¢9  11.80+ 0.20° 9.90+ 4.40P 7.60+ 0.38? B. cereus
15.50+ 0.44% 13.30+0.29° 10.60+ 0.36°  8.50+ 0.15? C. albicans
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Values are expressed as mean +standard deviations, n =3.

Different small letters in each row show a significant difference at P< 0.05 between different treatments.
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Table 3- Mean inhibition zone (mm) of aqueous extract of Trigonella foenum on pathogenic bacteria (well diffusion agar)

Concentration (mg/ml)

80 60 40 20 Microorganism
1450+ 0.349  12.00+ 0.15° 9.90+ 0.28" 7.60+ 0.242 E. coli
13.20+ 0.41°  10.10+ 0.48° 9.50+0.33" 7.50+0.28°  E. aerogenes
17.50+ 0.38¢  14.60+ 0.46° 12.00+0.54°> 9.60+ 0.312 S. aureus
16.20+0.27¢  13.50+ 0.43° 10.80+0.39° 8.00+ 0.472 B. cereus
17.00+ 0.56¢ 14.20+0.31° 11.00+0.44° 8.60+ 0.50? C. albicans
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Values are expressed as mean tstandard deviations, n =3.

Different small letters in each row show a significant difference at P< 0.05 between different treatments.
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Table 4- Minimum inhibitory concentration and minimum bactericidal concentration of aqueous extract of Trigonella
foenum on pathogenic microorganisms

MBC/MFC* MIC Mi .
(ma/ml) \(mg/ml) icroorganism
512 32 E. coli
>512 64 E. aerogenes
256 8 S. aureus
256 8 B. cereus
256 8 C. albicans
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1 Minimum inhibitory concentration
2 Minimum bactericidal/fungicidal concentration
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Table 5- Antimicrobial effect of chloramphenicol and amphotericin B and their interaction with aqueous extract of
Trigonella foenum

Antimicrobial agent

Amphotericin B+ Extract

Chloramphenicol+ Extract ~ Amphotericin B

) Microorganism
Chloramphenicol

Not done 19.220+ 0.55P
Not done 19.00+ 0.47°
Not done 25.60+ 0.62°
Not done 20.90+ 0.46°
20.20+ 0.41° Not done

Not done 13.30+ 0.502 E. coli
Not done 14.50+ 0.442 E. aerogenes
Not done 18.00+ 0.342 S. aureus
Not done 19.10+ 0.302 B. cereus
15.10+ 0.432 Not done C. albicans
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Values are expressed as mean tstandard deviations, n =3.

Different small letters in each row show a significant difference at P< 0.05 between different treatments.
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Fig. 1. FTIR spectrum of aqueous extract of Trigonall foenum.
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Abstract

Introduction: Today, the incidence of non-communicable and emerging diseases is increasing due to lifestyle
changes, reduced mobility and changing dietary patterns. Some clinical evidences in simulated samples and real cases
show that some compounds and plant extracts have a significant effect on the prevention and even treatment of these
diseases. On the other hand, due to the structural and functional diversity of plant polysaccharides, there is a great tendency
among researchers to find new polysaccharides in different sources with new functional and bioactive properties. Despite
extensive studies in this field, no study has been done on the extraction of polysaccharide compounds with prebiotic
properties from green almond hull as one of the agricultural wastes. Therefore, the purpose of this study was to introduce
a new type of synbiotic compound to balance clone microbiota and promote consumer health.

Materials and methods: In this study, after extraction of water-soluble almond hull polysaccharides (AHP) by hot
water extraction and precipitation with alcohol, the chemical analysis was done. To investigate the chemical composition
of AHP, phenol sulfuric acid test was used to measure total sugar and Bradford test was used to measure protein. The
amount of fat and ash in the sample was measured using standard methods (AOAC, 2005) and (AOAC, 2000),
respectively. The amount of uronic acid of AHP was measured by calorimetry using metahydroxyphenyl at a wavelength
of 520 nm. The content of AHP phenolic compounds was investigated by Folin Siocalcu calorimetric method. Fourier
transform infrared (FT-IR) was also used to identify the functional groups and the anomeric status of AHP components.
The prebiotic effect of this compound was also tested by digestion resistance and also by growth stimulation of the
probiotic strain of Lactobacillus casei ATCC 393 in vitro for the first time.

Results and discussion: Chemical analysis showed that AHP is a heteropolysaccharide consisting of 86.30% w/w of
total sugar, 5.10% wi/w protein and 3.21% w/w uronic acid. FT-IR analysis also confirmed the chemical structure of AHP
as a heteropolysaccharide. The results of digestion resistance showed that 91.24% of AHP can remain stable and
undecomposed after the stages of gastrointestinal digestion, while this rate was 74.94% for inulin as a commercial
prebiotic. The second prebiotic property of AHP investigated in this study was the stimulation the growth of Lactobacillus
casei ATCC 393 as probiotic in sugar-free MRS-based culture media and the results showed that AHP compared to inulin
significantly increased the survival of Lactobacillus casei ATCC 393 (p <0.01). The proliferation index in media
containing AHP and inulin showed a significant difference and AHP stimulated the growth of Lactobacillus casei ATCC

1. Department of Food Science and Technology, Faculty of Agriculture and Natural Resources, University of Mohaghegh
Ardabili, Ardabil, Iran.

(*Corresponding Author Email: r.shaddel@uma.ac.ir)

DOI: 10.22067/IFSTRJ.2021.71662.1075


http://ifstrj.um.ac.ir/
https://doi.org/10.22067/ifstrj.2021.71662.1075
https://orcid.org/0000-0002-1939-4383
https://ifstrj.um.ac.ir/journal/about?lang=en
https://ifstrj.um.ac.ir/journal/about?lang=en

VPo) LT — o0 oF oylouds MA aler oyl ol (18 @alivo g pole bty apii FYA

393 significantly more than inulin (p <0.01). Therefore, to design a synbiotic product, if AHP is used as a prebiotic, the
probiotic strain of Lactobacillus casei ATCC 393 would be a good choice.

Considering the annual production of thousands of tons of almond green hull waste in Iran and the concerns related
to environmental problems caused by its accumulation, the introduction of industrially feasible and economically justified
methods to produce value-added products from this agricultural waste seems essential. In the present study,
polysaccharides extracted from almond green hull by hot water extraction and alcohol precipitation, which is an
economically feasible method and can be implemented on an industrial scale, were introduced as a useful compound. In
vitro studies also used culture medium containing AHP as a commercial prebiotic in comparison with culture medium
containing inulin. The results showed that this compound has a good resistance to digestive conditions in the
gastrointestinal tract compared to inulin. The compound was also able to stimulate the growth of the probiotic
Lactobacillus casei ATCC 393 in culture medium. In general, in this study, a new synbiotic compound including
Lactobacillus casei ATCC 393 and AHP was introduced as a health beneficial food additive.

Keywords: Probiotics, Prebiotics, Almond hull polysaccharides, Lactobacillus casei ATCC 393.
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Table 1- Chemical composition of almond green hull in grams per 100 grams of dry matter (Elahi et al., 2017)
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Fig. 1. FTIR spectra of AHP.
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Fig. 3. Effect of AHP on population of L. casef ATCC 393 in sugar free MRS base medium compared to inulin.

-Negative control: MRS base; Positive control: MRS base + Glucose.
-Results are the average of three replicates (Mean + SD (n=3)).
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Fig. 4. Effect of AHP on acidifying activity of L. casef ATCC 393 in sugar free MRS base medium compared to inulin.

-Negative control: MRS base; Positive control: MRS base + Glucose.
-Results are the average of three replicates (Mean + SD (n=3)).
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Table 3- Proliferation index of Lactobacillus casei ATCC 393 in different culture media.
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Abstract

Introduction: One way to turn chicken waste into high value-added product is to produce fermented silage
(biosilage). This product is superior to fish powder due to its characteristics such as high quality protein, probiotic
bacteria and low price and can be considered as a suitable alternative for feed industry. Silage can be produced from
protein wastes by both acidic and biological methods. The acidic method of producing silage (acidic silage) uses a
variety of organic and inorganic acids such as formic acid and sulfuric acid. In the production of biological silage, two
methods of autolysis (using internal enzymes) and fermentation (using microbial starters) are used. Starters used for
inoculation are mainly from the group of lactic acid bacteria. To produce silage, protein wastes are used, especially fish
wastes. Since poultry waste has not been used for biosilage production in the country so far, the aim of the present study
is to produce biological silage from chicken waste and evaluate the profile of amino acids and fatty acids in the
biosilage.

Materials and methods: Chicken intestine was prepared from meat production complex in Golestan province,
Kordkoy city and also Simin Naz poultry industrial slaughterhouse in Sari and was transferred to the processing pilot of
Caspian Sea Ecology Research Institute in the shortest time in cold container. During the biosilage production process,
protein-degrading bacteria (containing protease enzymes such as gram-positive sporulated bacteria) and acid-producing
bacteria (to reduce the pH of the suspension and accelerate the fermentation process, such as lactic acid bacteria) were
used as initiator bacteria or microbial starters for intestinal digestion. The product was analyzed for protein, fat,
moisture and ash according to standard methods. In this study, high performance liquid chromatography (HPLC) of
Cecil model (Seri 200) was used for amino acids analysis. Samples were prepared for assaying amino acids profile in
two stages including hydrolysis and derivatization and the results were expressed in grams per 100 grams of substrate.
To determine the fatty acids composition of the biosilage sample, the fat was first extracted. In order to evaluate the
profile of fatty acids, a Shimadzu model gas chromatography device was used and the results were expressed as a
percentage.

Results and discussion: The product produced contained about 60% protein and 21% fat. According to the results,
the total of essential amino acids in the produced biosilage was 24.416, the total of non-essential amino acids was
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30.959 and the total of essential and non-essential amino acids was 55.375 g per 100 g of substrate. Among essential

amino acids, the highest amount belonged to the amino acids leucine (7.334+0.45 g/100g) and valine (4.71+0.27
0/100g) and among non-essential amino acids, the highest amount belonged to glutamic acid (10.6+0.73 g/100g) and
alanine (5.864+0.81 g/100g). It was also found that all essential amino acids except tryptophan are present in biosilage.
Evaluation of biosilage fatty acids profile revealed that the total amount of saturated fatty acids (SFA) was 33.57%,
monounsaturated fatty acids (MUFA) was 41.17% and polyunsaturated fatty acids (PUFA) was 24.36%. It was further
found that in biosilage the total omega 3 was 2.07%, the total omega 6 was 22.91% and the sum of EPA and DHA was
2.06%.

The profile of amino acids and fatty acids in the biosilage produced from chicken waste is almost the same as that of
other products made from protein waste (such as fish meal, fish waste biosilage and hydrolyzed protein powder). This
property, along with cheap production and high nutritional value, allows the use of biosilage obtained from chicken
waste in the livestock, poultry and aquatics feed industry.

Keywords: Chicken waste, Biosilage, Amino acids profile, Fatty acids profile, Fish powder.
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1 Salmonella typhimurium
2 Escherichia coli

3 Bacillus subtilis

4 Bacillus licheniformis

5 Lactobacillus plantarum
6 Lactobacillus bulgaricus
7 Lactobacillus rhamnosu
8 Pediococcus acidilactici
9 Lactobacillus casei
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Table 1- Specifications of HPLC device for quantitative and qualitative analysis of amino acids

Device name
Pump
Detector
Column
The wavelength used
Solvent passage speed
Solvent composition
Analysis method
The software used

HPLC (Cecil)
Cecil: Seri 200
Knauer

C18 (15cm x 4.6 mm) —Phenomenex

238 nm
1 ml/min

Acetate buffer + Hexansulfonate + CU acetate

Isocratic
CHRUMuLan
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Table 2- Specifications of GC device for quantitative and qualitative analysis of fatty acids

Device name
Column temperature
Injection temperature

Detector temperature
Detector type

Column type
Carrier gas
Flow intensity

GC (Shimadzu)
191°C
215°C
320°C
(F.1.D.) Flame
lonization Detector
BPX70
Nitrogen
0.6 ml/min
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Table 3- Chemical composition of biosilage produced from poultry waste

Chemical composition

Amounts

Protein
Fat
Moisture
Ash

59.09 +0.49
21.3+0.45
9.32 +0.61
6.17 +0.17
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Table 4- Amino acids composition (profile) in biosilage produced from poultry waste

Amino acids type

Amounts (g/100g substrate)

Histidine
Arginine
Threonine
Valine
Methionine
Isoleucine
Leucine
Phenylalanine
Lysine
Tryptophan
Total essential amino acids
Aspartic acid
Glutamic acid
Serine
Glycine
Alanine
Proline
Tyrosine

Cysteine

Total non-essential amino
acids

Total amino acids
E/NE

0.773% 0.02
3.613+ 0.12
1.085+ 0.05
4.71%0.27
0.303+ 0.01
3.332+0.23
7.334+ 0.45
1.814+ 0.04
1.452+ 0.071
0
24.416
2.91+0.16
10.6+0.73
2.711+ 0.47
4.093+0.21
5.864+ 0.81
2.938+ 0.43
1.806z 0.27
0.0362 0.008

30.959

55.375
0.78
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Table 5- Fatty acids composition (profile) in biosilage produced from poultry waste

Fatty acids type

Amounts (%)

C14:0
C15:0
C16:0
C18:0
C17:0
C20:0
SFA
C16:1
C17:1
C18:1(m9)C
MUFA
C18:2(n6)C
C18:3 n3
C20:3 n6
C20:4 n6 ARA
C20:5n3 EPA
C22:5n3 DPA
C22:6 n3 DHA
PUFA
n6/n3
EPA+DHA

0
0.54+0.12
25.77+ 1.36
7.26+0.14

0

0

33.57
3.65+ 0.54

0

37.65% 1.65
41.17
22.18+ 0.95

0

0
0.73+0.45
0.87+0.11

0
1.2+ 0.021
24.36x 1.32
11.06+ 0.54
2.07+0.11
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Abstract

Introduction: In the last decade, nanotechnology approaches have been used to improve the functional properties of
packaging materials. The main focus is on creating new packaging materials that extend the shelf life of food, which in
turn improves food safety performance. The use of nanostructures can also improve the mechanical properties of the
packaging. Many traditional packages are made from non-degradable materials that double the environmental pollution
in addition to using fossil fuels to produce them. Resin is a natural or synthetic compound that is very viscous and hardens
under certain conditions. It is usually soluble in alcohol r. Natural resin is obtained from plants. This material is very
sticky but hardens over time. Due to environmental concerns and the possibility of depletion of oil reserves, the
construction of composites based on natural resins from renewable sources has become important. In previous studies,
Javashir gum has been used to prepare an edible film with high water vapor permeability and solubility, as well as poor
physical properties. Since Javashir gum is a natural, native and inexpensive gum, so in this research, the improvement of
the properties of the film prepared from Javoshir gum is considered using.a combination of nanoparticles and resin
obtained from Javoshir gum

Materials and methods: Javshir nanoparticles were sprayed on Javashir film (4% gum and 2.5% glycerol) at two
different times of 30 and 60 minutes. In order to increase the hydrophobicity of the films, Javashir resin was covered as
a layer on the surface of the films. Then different physical and mechanical properties of the film such as thickness, water
solubility, and water vapor permeability, elongation at break, tensile strength, contact angle and morphology were
determined.

Results and discussion: The results of thickness measurement showed that adding large amounts of nanoparticles as
well as coating the film surface with resin increased the film thickness. Solubility results showed that all films have a
very high solubility due to the hydrophilic nature of Javashir. However, the addition of nanoparticles and coating with
resin reduced the water solubility of the film. The water vapor permeability of nano-60 film was increased compared to
the control film which can be attributed to the increase in film surface due to the addition of nanoparticles. However,
coating the surface with resin significantly reduced the water vapor permeability of the film. The tissue test showed that
nano-30 resin film had 6.54 + 2.72% elongation to tear point and 302.9 + 47.1% tensile strength. Nano 30 resin film had
the highest tensile strength and the lowest tensile percentage. The results of the contact angle showed that the lowest
contact angle, which indicates high hydrophilicity, was related to the control sample, and the contact angle increased by
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adding nanoparticles and coating with resin, resulting in increased hydrophobicity. SEM images also showed that the
addition of nanoparticles and resin coating reduced the film roughness.

Finally, it can be said that the addition of Javoshir nanoparticles could well increase the tensile strength of Javashir
film, and coating the surface of the film with resin was very effective in reducing the hydrophilicity and water vapor
permeability of Javashir film.

Keyword: Gum, resin, Javashir, edib film, nanoparticles.
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Table 1- Thickness of different films

(o ko) Conles Sl

Thickness (mm) Treatment

0.383+ 0.054 ° (Control film) sald pld
0.381+ 0.028 (Nano 30 film) ¥+ 55U ol
0.433+ 0.048° (Nano 60 film) N+ U pld
0.421+0.040 2 (Resin film) (y ;5 o

0.411+ 0.034 (Nano 30+ resin film) 0y, +V'+ U plid

0.402+ 0.035 (Nano 60+ resin film) ;y 3, +T+ U plid

(P < +/+0) conl (g)ls gme oaimd i aliseo by o
Different letters indicate significant differences (p<0.05).
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Table 2- Water solubility of different films.

(%) &1 y2 et
Water solubility (%)
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Treatment

85.84
76
70.84
40

(Control film) sald pld
(Nano 30 film) ¥+ 55U pld
(Nano 60 film) T+ 55U pld

(Resin film) (y ;5 wled

325 (Nano 30+ resin film) (y;, +Y'+ 93U olid
17.67 (Nano 60+ resin film) (y 5, +7+ 63U plid
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Table 3- Water vapor permeability of different films

(x10° gm/Pas m?) Of ;b 4 gy St

WVP (x 10”° g m/ Pa s m?)

)w

Treatment

2.33+0.29 °
1.97+0.80 °
3.03+0.23 2
1.24+0.82 ¢
2.47+0.76 ®
2.06+0.67 P

(Control film) sl pld
(Nano 30 film) ¥+ iU phd
(Nano 60 film) T+ 55U Wl
(Resin film) (y 5, o
(Nano 30+ resin film) ¢y, +V'+ U plid
(Nano 60+ resin film) ;y;, +T+ U plid

(P < +/+0) casl gyl (dxo oaimd (LS Calises gy
Different letters indicate significant differences (p<0.05).
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Table 4- Elongation at break of different films

o) abli U (5 pdy lulS sloss
(%) oy Treatment
Elongation at break (%)

284.16+ 174.63 2 (Control film) sald phd
82.45+ 30.66 ° (Nano 30 film) Y+ iU ol
75.09+ 31.01° (Nano 60 film) 1+ U ol

228.24+12.712 (Resin film) ¢y, olid
60.53+2.72° (Nano 30+ resin film) (y ;,+Y'+ U pled
80.17+7.10° (Nano 60+ resin film) (y 5+ + U pled

(P < +/+0) cusl (g)ld simo osimd L calisto CBgy>—
Different letters indicate significant differences (p<0.05).
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Table 5- Tensile strength of different films

(MPa) oiuiS Cuoglie
Tensile strength (MPa)

)M

Treatment

14.25+ 2.44 ¢
68.22+ 25.87 ¢

97.85+ 88.30 ¢
0.83 +0.72 ¢

302.9+ 47.09 2

82.19+ 25.42 P

(Control film) sall alid
(Nano 30 film) ¥+ o3U okd

(Nano 60 film) T+ iU ok

(Resin film) ¢y, phid

(Nano 30+ resin film) ¢y 5,+Y'+ 93U olad
(Nano 60+ resin film) cy 55+ 93U olad

(p < ~/~C)) Cawl d)lbulm o) i calisee (Bg >
Different letters indicate significant differences (p<0.05).
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Table 6- Contact angle of different films

ool @l o
Contact angle Treatment
12.33£0.85°¢ (Control film) sald phd
89.77£9.92° (Nano 30 film) Y+ 63U ol
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Fig. 2. SEM images of control film (cross section (A) and surface (B)), nano 30 film (cross section (C) and surface (D)), resin
film (cross section (E) and surface (F)) and nano 60 + resin film (cross section (G) and surface (H)) at 1000 x.
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Abstract
Introduction: Oxidative reactions are needed for human survival, but these reactions can sometimes be destructive.

There is a lot of evidence that shows many disorders (neurological, renal, hepatic) and diseases such as cancer and
vascular diseases, and even food spoilage are caused by oxidative reactions of free radicals. Some types of reactive oxygen
species, such as oxygenated water, and free radicals such as hydroxyl and superoxide, can react with certain fats, nucleic
acids, and proteins in the body to kill them. In general, any substance that delays or prevents the oxidation process is
called an antioxidant. In various studies that have been done so far, the antioxidant and protective properties of the novel
plants have been reported. Among other species of medicinal plants, the rosemary plant with the scientific name
(Rosmarinus officinalis L.) belongs to the mint family, the leaves of which are used as an additive in many foods. This
plant is cultivated in many parts of the world, including Iran, but the main habitat of this plant has been attributed to the
shores of the Mediterranean Sea. The purpose of this study was to identify chemical compounds, antioxidant effects, total
phenolic and flavonoids contents, and cytotoxicity effect of Rosmarinus officinalis essential oil (ROEO) on colorectal
cancer cell line (HT29) and identification of functional groups of ROEQ using Fourier transform infrared spectroscopy
(FTIR).

Materials and methods: In the present study, the analysis of chemical compounds in ROEO was determined by gas
chromatography-mass spectrometer (GC-MS). The total phenolic and flavonoid content of ROEO was evaluated using
Folin-Ciocalteu and colorimetry using aluminum chloride, respectively. Antioxidant properties of ROEO were evaluated
by DPPH and ABTS methods. The cytotoxic effect of ROEO on colorectal cancer cell lines (HT29) was evaluated by
MTT method. The compositions of the functional groups present in the essential oil were investigated using Fourier
transform infrared spectroscopy.
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Results and discussion: The chemical analysis of ROEO comprised of 29 compounds, which composed 94.22% of
total essential oil. The main compound identified in the essential oil used in this study was eucalyptol with 40.13%. Total
phenolic content was 72.55 mg gallic acid per gram of essential oil and its flavonoid content was 36 mg QE/g. The ROEO
antioxidant activity for both DPPH and ABTS tests were 78.74% and 81.97%, respectively. The results of cytotoxic effect
of ROEO showed that the cytotoxic effect of ROEO was highly dependent on its concentration. The higher the
concentration of essential oil, the higher the level of cytotoxicity. Fourier transform infrared spectroscopy analysis
confirmed the presence of aldehyde compounds, ketones, carboxylic acids, esters and alkenes. The results of all ROEO
tests showed that this essential oil can be used as a potential source in the pharmaceutical, food, cosmetic and health
industries.

Key words: Essential oil, Gas chromatography, Fourier transform infrared spectroscopy, Free radical.
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Table 1. Composition of Rosmarinus officinalis essential oil determined by GC-MS.

(a83) (5,133b ¢ylej % o (or Lol oS 5 g3,
Retention Time (min) Detected compounds Row
6.54 0.8 B.-Pinene 1
8.06 0.12 Sabinene 2
8.58 0.61 B.-Myrcene 3
8.96 0.72 a.-Phellandrene 4
9.99 40.13 Eucalyptol 5
10.67 13.67 y.-Terpinene 6
11.42 0.15 a.-Terpinolene 7
11.42 11.42 o.-Terpinene 8
11.97 0.32 Butanoic acid 9
12.22 0.74 Bicyclo [2.2.1] heptan-2-ol 10
12.32 7.5 Carene 11
13.47 0.38 Isoborneol 12
13.64 0.35 Pinocarvone 13
13.76 1.23 endo-Borneol 14
14.40 0.43 trans-p-mentha-1(7),8-dien-2-ol 15
14.49 1 1 L-.alpha.-Terpineol 16
18.78 1.19 Camphene 17
20.25 0.15 Longifolene 18
21.09 0.52 Aromandendrene 19
21.64 0.52 1Alloaromadendrene 20
22.52 0.24 Bicyclogermacrene 21
23.80 0.37 Cyclohexanemethanol, 22
24.06 0.16 Epiglobulol 23
24.06 1.33 Globulol 24
24.51 1.11 Spathulenol 25
24.84 0.23 Ledol 26
25.73 0.25 y.-Eudesmol 27
26.23 1.21 Naphthalenemethanol, 28
29.87 7.47 Isopropyl myristate 29
94.22 Js
Total
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Fig. 1. Chromatogram of Rosmarinus officinalis essential oil.
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Table 2- Result of chemical analysis of Rosmarinus officinalis essential oil

W o 5905
Result Chemical analysis
78.74+1.06 (/) DPPH
81.97+0.58 (%) ABTS
72.55+0.45 (il 5 513 ST sl I 0,5 sho) J5
Total phenol (mg of galic acid equivalent /g
essential oil)

36.00+0.50 (Y1951 g 95 0.5 k) M gigols

Flavonoid (mg quercetin equivalent)
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Abstract

Introduction: Nowadays, with the development of probiotic products on the world market, the need for developing
new products containing probiotic bacteria becomes more apparent. Probiotics are defined as living microorganisms
that, if consumed in sufficient quantities, will have beneficial effects on the health of the host. Probiotics are now
widely used in the production of food products and account for approximately 65% of functional foods. Probiotics often
belong to either the genus Lactobacillus or Bifidobacterium. Lactobacillus rhamnosus is one of the known probiotic
bacteria with beneficial properties. Prebiotics are defined as indigestible compounds, mainly carbohydrates that can be
used as carbon source for probiotic bacteria and stimulate their growth and viability. Oligofructose is a type of short
chain inulin and is one of the most well- known prebiotics. Moreover, microencapsulation of probiotic bacteria can
improve the survival of these bacteria. In this approach, living probiotic cells are covered or trapped by various
compounds. Hydrocolloids such as alginate and carbohydrates such as starch can be suitable compounds for
microencapsulation. The purpose of this study was to investigate the effect of oligofructose and microencapsulation on
the viability of Lactobacillus rhamnosus, textural, physicochemical and sensory characteristics of functional jelly.

Materials and methods: In this study, different concentrations (0, 1.5 and 3 percent) of oligofructose as prebiotic
were used to produce jelly samples, and 107 CFU/mL of probiotic bacteria (free and microencapsulated Lactobacillus
rhamnosus) was inoculated. Microencapsulation of probiotic bacteria was performed by emulsion method using sodium
alginate and corn resistant starch. The jelly samples were stored at 4°C for two weeks. pH, acidity, dry matter, firmness,
probiotic bacterial count and sensory properties (taste, odor, texture, color and overall acceptance) of the samples were
evaluated on the first, 7 and 14" days of jelly production. Seven samples including 6 treatments and 1 control sample
(without probiotic bacteria and prebiotic compound) with three replications were studied. The data were subjected to
analysis of variance (ANOVA), followed by the Duncan’s multiple range test to determine the significant difference
between samples at 95% confidence level (p<0.05) using the SAS 9.4 M4 Software. The charts were drawn by Excel
2013.
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Results and discussion: The results of sensory evaluation showed that the effect of different percentages of
oligofructose on the sensory parameters, except for the taste, was not significant (p>0.05). Using 1.5% oligofructose
and probiotic bacteria (free or microencapsulated) did not change the score of taste but the use of 3% oligofructose and
free probiotic bacteria decreased the score of this parameter. The effect of storage time on sensory properties (taste,
odor, texture, color and overall acceptance) was significant (p<0.05) so that with increasing storage time, the score of
sensory parameters decreased. The results of physicochemical tests indicated that with increasing oligofructose, dry
matter increased and acidity decreased (p<0.05). The results of texture analysis showed that the microencapsulation of
probiotic bacteria and addition of oligofructose significantly (p<0.05) increased the firmness of jelly texture. During
storage period, pH and dry matter significantly (p<0.05) decreased but acidity and firmness of jelly texture increased.
The results of probiotic bacterial count indicated that the use of microencapsulated probiotic bacteria and oligofructose
significantly (p<0.05) increased the survival of Lactobacillus rhamnosus. The viability of probiotic bacterai decreased
during storage period, t however, the number of probiotic bacteria in the samples was in the range of 10%- 107 CFU/qg.
On the first and 7" days, no mold and yeast contamination was observed in the samples and on the 14" day, the number
of molds and yeasts was less than 10 CFU/g. The sample containing microencapsulated probiotic bacteria and 3%
oligofructose (sample 4) was selected as the best sample in terms of probiotic bacterial count and textural,
physicochemical and sensory quality. Therefore, it is possible to produce synbiotic jelly with the desired quality.

Keywords: Oligofructose, Microencapsulation, Functional Jelly, Lactobacillus rhamnosus.
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Table 2- Acidity value (citric acid %) of functional jelly containing oligofructose during 14 days of storage

14 Day 7 Day 1 Day Treatment
o2, 59, 9 59, Js! 39, sl
0.820+0.024 0703+ 0.015%  0.610+ 0.017% Free bacteriat 3% oligofructose
e T T 39598951 Y #3131 6 55
0.910+ 0.01°A 0.810+ 0,026 0.713+ 0015 Free bact‘er’ia+ 1.5% oligofructose T,
YLV O PO 39559589541 V[0 +3131 5 S
0.803+0.015%  0.823+0.021®  0.917+ 0.015% Free bacteriat 0% oligofructose
- N - 3955985 7o 313l 6 55
Microencapsulated bacteria +3%
0.803+ 0.015% 0.700+ 0.02¢8 0.603+ 0.0154¢ N OligofruFtosg T4
3959885 ¥+ 00 Slbgy 25 555
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0.813+0.015%  0.717+ 0.015%
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0.623+ 0.021°4¢
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Table 3- Dried matter of functional jelly containing oligofructose during 14 days of storage

14 Day 7 Day 1 Day Treatment
w23, 9, A2 59, Jgl 59 e
4.400+ 0.065"°  4.567 +0.053%  4.600 +0.056% Free bacteria+ 3% oligofructose T
39598551 Y +3151 5 S '
4,367+ 0.058B¢ 4.467 £0.028%% 4,533+ 0.058%A Free bacteria+ 1.5% oligofructose -
35598651 V[0 +31;1 5 S :
4,033+ 0.058B¢ 4.200 £0.020~Y  4.300+ 0.038* Free bacteria+ 0% oligofructose -
35595951 Lo 43131 5 58 :
4,520+ 0.053%2 4570 £0.053%% 4,592+ 0.020* Microencapsulated bacteria +3%
oligofructose Ta
3959895 T+ 00l gy 52y (551
4.367+ 0.058%¢ 4,500 £0.073%% 4,528+ 0.078%°A  Microencapsulated bacteria + 1.5%
oligofructose Ts
3959885 7N [0+008 gy 25 5 SL
4.133+ 0.0448¢ 4.238+ 0.030%% 4,447+ 0.051°A Microencapsulated bacteria + 0%
oligofructose Te
395958951 Tov 04l g 32 5 PSL
3.800+ 0.0735f 4.300+ 0.200%° 4,567+ 0.085%A Control
&u T7
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Table 4- Texture hardness of functional jelly containing oligofructose during 14 days of storage

14 Day 7 Day 1 Day Treatment
23,k 595 SEBTY) Jol 395 o
179.333+ 3.512%A 172333+ 321598 171,000+ 3.000°8 Free bacteriat 3% oligofructose
T R T 3959 5SINTY #3131 5 8L
175,000+ 1.732° 171333 1041°° 160,000 1.000WC et | S olgefructose
000+ 1. 333+ 1. 000+ 1. 39555599591 7310 43151 6 351
173.333£ 2300 170.000 1350  163.333£2887%C | Coieiain e oetructose
395959951 7o 3131 5 S
Microencapsulated bacteria +3%
181.000+ 1557  180.000+ 1.000*  175.333+ 2.509% ~ oligofructose T
355958951 ¥+ 0o g 52y (5 S
Microencapsulated bacteria + 1.5%
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175.333£2.082A  173.667+2.033®  168.333+ 2.0820¢C ~oligofructose Ts
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Table 5- Count of Lactobacillus rhamnosus (Log CFU/g) in functional jelly containing oligofructose during 14 days of storage

S 53y VE (b 555558551 53l Niodgeslyd 45 13 (Log CFU/E) wgjgialy oslamsligSy ko —0 Jgin

14 Day
o2,k 39,

7 Day
9 jo

1 Day
Js! 59,

Treatment
o

6.761+ 0.012¢¢
6.719+ 0.017¢

6.736+ 0.007¢

7.035+ 0.01274

6.99+ 0.003B°

6.943+ 0.0035¢

6.892+ 0.0158¢
6.845+ 0.0068¢

6.799+ 0.0075¢

7.083+ 0.006"*

7.001+ 0.0074°

6.979+ 0.025Bb

7.032+ 0.0247¢

6.999+ 0.0074

7.005+ 0.014%

7.03+ 0.01144

6.997+ 0.0074B2

7.041+ 0.028

Free bacteria+ 3% oligofructose
3959 8RN IY +3131 5 S
Free bacteria+ 1.5% oligofructose
555559951 /3]0 43131 5 55y
Free bacteria+ 0% oligofructose
555558951 v 43131 5 55y
Microencapsulated bacteria +3%
oligofructose
39593951 ¥+ 0 SWg 325 6 S
Microencapsulated bacteria + 1.5%
oligofructose
39598951 7N (04008 SUogy 525 5 S
Microencapsulated bacteria + 0%
oligofructose
39598951 v +ousd SWgy 1 51 SSL
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Fig. 1. Taste score of functional jelly containing oligofructose during 14 days of storage
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Fig. 2. Odor score of functional jelly containing oligofructose during 14 days of storage
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Fig. 3. Texture score of functional jelly containing oligofructose during 14 days of storage
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Fig. 4. Color score of functional jelly containing oligofructose during 14 days of storage
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Fig. 5. Overall acceptance score of functional jelly containing oligofructose during 14 days of storage
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Abstract
Introduction: With the increasing the global population and the scarcity of food resources, using agricultural waste
has become a recent challenge for food scientists.

Materials and methods: In this study, to optimize the amount of crop residues and the preparation and formulation
of dietary and beneficial sauce, two crop residues, pistachio peel, and melon seed, were used as flour. In this study,
treatments of mayonnaise sauce were formulated using pistachio peel powder with 0, 0.1, 0.5, 0.75, and melon seed flour
with 6, 12, 18, 24, 30, and 36%. Mayonnaise treatments were evaluated at time intervals of the production day, 30" day,
60" day, 90th day for pH, moisture content, ash (%), fat (%), carbohydrate (%), protein (%), colorimetric indices
(Lightness, redness, yellowness), viscosity, total microbial population, stability test, and particle size. For the sensory
evaluation, the 5-point hedonic test was performed by ten trained panelists scoring these components (color, taste, texture,
fluctuation, consistency, general acceptance). Statistical analysis was performed using Minitab 17 software at the
statistical level of 0.05.

Results and discussions: The results showed that moisture content, carbohydrate, ash, protein, pH, viscosity, and
particle size were increased by increasing pistachio peel powder and melon seed flour. Total microbial population and the
stability of mayonnaise treatments were significantly decreased (p<0.05). Also, by increasing storage time, moisture
content and the stability of mayonnaise and particle size were increased. Rheological indices such as cohesion decreased,
and firmness and adhesion indices were increased (p<0.05). All sensory scores of mayonnaise treatments decreased during
storage time, and finally, treatment coded T1(0.1% replacement of pistachio green peel powder and 6% melon seed flour)
was selected as optimal, and T6 with 0.75% replacement of pistachio green peel powder and 36% melon seed flour) as

worst sample. The use of pistachio peel powder and melon seed flour significantly reduced the microbial population of

mayonnaise treatments. Higher values than the optimum treatment cannot be used due to decrease in the stability and
increase in the microbial population, as well as reduction of sensory scores.

Keywords: Mayonnaise sauce, Pistachio peel powder, Melon seed flour.
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30 0.75 6 0.025 TS 6

36 0.75 0 0.025 T6 7
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Fig. 1. Comparison of average ash percentage of mayonnaise treatments
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Fig. 2. Comparison of average viscosity index of mayonnaise treatments during 90 days of storage
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Fig. 3. Comparison of the average stability index of mayonnaise treatments during 90 days of storage.
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Table 3- Some physical and chemical characteristics of mayonnaise treatments

Particle size pH Red Jaundice Lighting Moisture  Storage  Treatment
)3 a3l (@*) 30,8 (b*) 83,5 L9 2labgy (X)) cogb,  time Sl
o)
S

6.49+0.02 a 3.9+£0.02b 14+0.02a 12+ 0.15a 89+0.01a 19.86 0

6.54+ 0.02 a 3.86£0.02 b 1.3£0.03 ab 12+ 0.34 a 88+ 0.02 ab 19.33 30 T
6.65+ 0.02 ab 3.73+0.03 b 1.2+ 0.0l ab 12+ 0.52 a 86+ 0.03 b 18 60

7.1+0.02b 3.65+ 0.04 ab 1.2£0.02b 12+ 0.65 a 84+ 0.01 Bc 17 90

6.92+0.02 a 3.94+£0.04 b 1.4+0.02 a 11+ 0.07 ab 88+ 0.02 ab 19.22 0
7.32+£ 0.02 bc 3.91£0.02b 1.4+0.03a 11+ 0.89b 86+ 0.01b 19 30 T1
7.56x0.00 ¢ 3.89+0.01c 1.25+0.01 ab 11+ 0.32b 84+ 0.02 bc 17.4 60

8.22+0.02 d 3.65+£ 0.04 b 1.2+0.02b 11+ 045b 81+0.01c 16.56 90

7.89+0.03 c 3.89+0.01c 1.33£0.02 a 11+ 0.043 a 86+ 0.02 b 18.87 0
7.98+0.05c 3.94£0.04bc  1.23£0.03 ab 11+ 0.32 a 84+ 0.03 bc 18.3 30 T2
8.32+0.01d 3.82+0.01c 1.11+0.02 ab 11+ 001 a 82+ 0.02 bc 17 60
8.67+ 0.02 de 3.65+0.04 c 1.09+0.02 b 10+ 0.57 b 79+ 0.03 cd 16.23 90

7.89+£0.02 ¢ 4.2+0.02 a 1.21+0.03 ab 10+ 0.88 b 83+ 0.02 bc 18.2 0 T3
7.98+ 0.03 ef 3.99+£0.02 b 1.21+0.04 ab 10+ 0.23 Db 81+ 0.03 c 17.9 30

8.87£0.04 f 3.87£0.06bc 1.17+0.05ab 9+ 0.76 c 79+ 0.04 cd 17 60

8.67+£0.02 f 3.67x0.01c 1.05+£0.02 b 9+ 0.56 ¢ 76+0.03d 16.23 90

8.3+ 0.01 ef 4.33+0.02a 1.15+0.02 a 10£0.33b 80+ 0.02 ¢ 17.33 0

8.91+ 0.02 f 4.28+0.02ab 1.15+0.03 ab 10+ 0.00 b 76+0.03d 17 30 T4
8.93+0.02ef 4.11+0.03ab 1.0£0.01 ab 9+0.33¢ 73+ 0.02 de 16.66 60

9.3 0.04 ¢ 4.00+0.03 a 0.9+ 0.05 bc 9+0.00c 71+ 0.02 ¢ 16 90

8.91+0.02 f 442+ 0.02a 1.09+0.02 a 10+ 0.56 a 78+£0.01c 17 0

9.1+ 0.03 ef 4.31+0.01 ab 1.3£0.03 ab 10+ 0.34 a 75+ 0.02 ¢ 16.4 30 T5
9.87£0.01e 425+ 0.04ab 0.89+0.01ab 9+0.02c¢ 72+ 0.02 ¢ 16 60
10.22+ 0.05f 4.14+0.02 ab 0.81+0.02 b 9+0.21c 69+ 0.01c 15.52 90

9.32+0.02 e 4.56+0.02 a 1.00+£0.02 b 9+ 0.77c 75+ 0.02 ¢ 16.34 0

9.45+0.04 e 4.44+0.02 a 1.00+£0.03 b 9+ 0.27¢c 72+£0.03 c 16 30 T6
9.9+ 0.03e 4.34+ 0.03 ab 0.80+0.00 c 8+ 0.66d 69+ 0.02 c 15.54 60
10.48+ 0.01f 4.39+0.04 ab 0.65+ 0.00 b 8+0.15d 67+0.02 c 15 90
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Fig. 4. Comparison of the average sensory evaluation index of mayonnaise treatments during 90 days of storage.
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Fig. 5. Comparison of the average microbial population index of mayonnaise treatments during 90 days of storage.
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Abstract

Introduction: Sesame oil and sweet almond oil are rich in unsaturated fatty acids and antioxidant components,
providing nutritional and functional properties including improvement of the gastrointestinal system, decrease in blood
cholesterol level, eventually leading to a decrease in the risk of cardiovascular disease. The present study examined the
possibility of the production of emulsion based on sesame and sweet almond oils and the effect of preparation on its
stability.

Material and methods: Sesame oil and sweet almond oil with tween 80 and span 80 as emulsifiers were used in
emulsion production. In order to prepare the nanoemulsions, the water and oil phases were prepared separately by the
ultrasonic homogenizer. Ultrasonic waves were applied for homogenization and the effect of Ultrasonic time (5, and 10
min), oil content (2, and 4%), and emulsifier concentration (0.25, 0.5%) on particle size, particle distribution index (PDI),
turbidity loss rate, emulsion stability and zeta potential of nanoemulsions were studied.

Results and discussion: Ultrasonic time had a reverse effect on particle size, particle distribution index (PDI) and
turbidity loss rate and a direct effect on emulsion stability. The particle size and turbidity loss rate of prepared emulsions
had a direct relation with oil concentration and a negative effect on emulsion stability. Emulsifier concentration had a
positive effect on emulsion stability, a negative effect on emulsion stability, and had no significant effect on turbidity loss
rate. According to the results of the effect of type and concentration of oil on particle size distribution, turbidity reduction
rate and stability of nanoemulsions in all cases, samples containing sesame oil with a concentration of 2% compared to
sweet almond oil, had better results, the presence of this oil led to the formation of nanoemulsions with smaller particles
and greater stability. The produced nanoemulsions had a particle size between 200-320 nm, a stability of 91-98/7% and a
turbidity reduction rate of 0.0010-0.0027. Also, the highest stability and zeta potential were reported 98.7 % and -33mV
respectively, which belonged to sample k4. Therefore, this sample was selected as the optimal sample.

The results showed that the particle size, mean particle diameter, particle dispersion and turbidity reduction rate
showed a significant difference between the samples, so that the lowest and highest were related to K4 sample (2% sesame
oil, homogenization time 10 minutes and Emulsifier concentration ratio 0.5%) and sample Bs (almond oil 4%,
homogenization time 5 minutes and emulsifier concentration ratio 0.5%) (p <0.05). The results also showed that the
highest level of stability and zeta potential was related to K, sample. Thus, the best nanoemulsion, K4 sample was
introduced.
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Fig. 2. The dispersion rate of particles (span) in different nanoemulsion samples prepared from sesame and sweet almond oil
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Fig. 3. Investigation of particle size distribution in different samples of nanoemulsion prepared from sesame and sweet
almond oil
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Abstract

Introduction: Nowadays, pH indicator has engrossed wide attention because of its eligibility to monitoring shelf life.
Intelligent packaging is authoritative of detecting, sensing, tracing, recording and communicating properties to provide
information is communicated directly through color changes. In the meantime, natural anthocyanins are non-toxic, water-
soluble and safe dye that are indicator to pH change. Anthocyanins are a large group of natural dyes. Some natural
anthocyanin, such as anthocyanin extracted from mulberry, black bean, blueberry and violet basil (Ocimum basilicum)
are used to spoilage monitoring. In present study, an intelligent pH-indicator film based on Arabic gum- Carboxymethyl
cellulose incorporated with Violet basil (Ocimum basilicum. L) Anthocyanin was prepared and its properties including
structural, physical, mechanical, thermal, antioxidant activity and color sensitivity to changing pH and ammonia gas were
evaluated.

Materials and methods: For this purpose, at first anthocyanin of Violet basil was extracted and its color reactions
were investigated. In next step, the extracted anthocyanin was added to Arabic gum- Carboxymethyl cellulose at different
concentrations (40, 60 and 80 mg/100 g film formation solution) and their properties were evaluated.

Results and discussion: The results of FTIR and XRD tests showed that the extracted anthocyanin was successfully
dissolved in the composite film. Addition of anthocyanin to film matrix led to increasing the WVP and antioxidant activity
and decreasing the water contact angle, elongation at break (EB) and thermal properties. The tensile strength value of the
prepared films increased from 19 to 23.64 MPa with increasing anthocyanin content from 0 to 60 mg/100 g film solution;
but, it decreased with further increase of the anthocyanin content. Exposing the indicator films to ammonia gas and
different pHs led to changing the color changes from red to yellow. These color variations of films were consistent with
the color changes of the anthocyanin solution. This result indicates that the films prepared sensitive to pH change, and
observed different color in films as the solution is changed from acidic to alkaline because causes its structural changes.
The structure of anthocyanin is yellow salt ions in acidic solutions, is converted to quinoidal in weak alkaline solutions,
and becomes unstructured in high pH solutions.

In this study, pH indicator films were prepared based of Carboxymethyl cellulose and Arabic gum containing violet
basil anthocyanin. The developed films are non-toxic and biodegradable and provide visible color response. Based on
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these results can be concluded that the indicator film prepared in present study could be used as intelligent food packaging
for visual evolution of freshness/spoilage in food products.

Keywords: Arabic gum, Carboxy methyl cellulose, pH indicator film, Violet basil anthocyanin.
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Fig. 1. Range of color changes and absorption of solution containing anthocyanin extracted from Violet Basil at different pH
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Table 1- Physical properties (water vapor permeability and contact angle) and mechanical properties (tensile strength and
elongation at break) of prepared indicator.
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Abstract

Introduction: Date seed are considered as a valuable by-product from Phoenix dactylifera L. which played an
important role in the economy and social life of the people of the Middle East and North Africa region. They consist
mostly of carbohydrates, fatty acids and proteins as well as phenolic compounds. Despite the presence of various
beneficial bioactive compounds, they are usually discarded or are utilized as animal fodder. Therefore, explore the
effective methods to incorporate date seeds in the human diet is a great of interest. Roasting provides a low cost and easy
approach to add value to these wastes as roasted date seed powder is being used in the Arabian region to make “date seed
coffee”. However, along with color and aroma changes, carcinogenic substance such as acrylamide may also formed
during the roasting process. To date, no data have been published on the analysis of acrylamide in the roasted date seeds
and respective brews. Therefore, the objective of the present study was development of an analytical method for
determination of acrylamide in various date seeds varieties and their respective moka brews for the first time. Besides,
other parameters related to the roasting process such as the color parameters and melanoidins content were also
determined and compared with values obtained from Arabica coffee.

Materials and methods: For this purpose 5 different varieties of roasted date seeds including Shahani, Zahedi,
Kabkab, Mazafati and Estamaran as well as Arabica coffee were used for coffee brewing. For acrylamide determination
in solid samples, they were firstly extracted using hot deionized water. Afterwards, 5 mL of sample (extract or coffee
brew) was placed in a 15 mL falcon and extraction solvents including acetonitrile (10 mL), hexane (5 mL) along with 1
g of NaCl and 4 g of MgSO,4 were added. After mixing on vortex for 1 min and centrifugation (5 min, 5000 rpm), 2 mL
of the supernatant was cleaned using appropriate combination of sorbents (100 mg PSA, 50 mg C18 and 50 mg SAX)
along with 0.30 g of MgSO4.The cleaned supernatant was filtered and analyzed using high-performance liquid
chromatography coupled with a photodiode array detector (HPLC-PDA) at 202 nm. The injection volume was 20 pL.
The chromatographic separations were performed on a Eurospher 100-5 C18 column (250x 4.6 mm). Optimization was
performed according to the type of organic solvent (acetonitrile and methanoal), the percentage of organic solvent in the
mobile phase (10, 5, 3% v/v) and the flow rate (0.1, 0.7, 0.5 mL/min). The color parameters (using photography and help
of ImageJ software) and melanoidin content (spectrophotometrically at 420 nm) were also determined.

Results and discussion: The results indicated that the water/acetonitrile with a ratio of 97:3 and a flow rate of 0.7
mL/min permitted the acceptable separation of the acrylamide peak from the interfering compounds. The LOD and LOQ

of optimized analytical method were 9.1 and 30.62 pg/kg, respectively. The suggested HPLC/PDA method is promising
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for analysis in order to guarantee the quality control of acrylamide. The presence of acrylamide in all roasted date seeds
was observed. Accordingly, acrylamide content in Arabica coffee (1825.23+ 17.44 pg/kg) was significantly higher than
those obtained from date seeds varieties. The amount of acrylamide in different types of date seeds varied from 360.99+
4.15 to 129.43+ 2.37 ug/kg, being Kabkab and Mazafati as the highest and lowest values, respectively. Moka brews
prepared from roasted date seeds demonstrated the presence of acrylamide in the range of 25-68 ug/L. The highest level
of melanoidin were observed in Arabica coffee followed by Shahani, Zahedi, Kabkab, Mazafati and Estamaran,
respectively. In the most cases, an inverse relationship was observed between the acrylamide and melanoidin content in
roasted date seeds. For example, Shahani had low acrylamide and high melanoidin content. The study of color parameters
revealed that the parameters a* and b* largely follow the pattern of melanoidin, so with increasing the amount of a* and
b*, the amount of melanoidin also increased in the samples.

Keywords: Acrylamide, Arabica coffee, Roasting process, Melanoidins.
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Table 1- The HPLC-PDA conditions for analyzing acrylamide in roasted date seed and roasted coffee

Mobile phase
S e 5l
Flow rate
ol e
Column temperature
Ogw slod
Injection volume
G5 e
Wavelength

T Job

Water (97%) / Acetonitrile (3%)

0.7 ml/min
25°C
20 pL

202 nm
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Fig. 2. Chromatograms obtained from various mobile phase composition icluding: a) water/acetonitrile (90:10, v/v), b)
water/acetonitrile (95:5, v/v), ¢) water/acetonitrile (97:3, v/v), d) water/methanol (90:10, v/v), e¢) water/methanol (95:5, v/v)
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Table 2- Validation parameters for acrylamide analyzed by HPLC-PDA

Linearity range (ug/L) 50-3000
YT pon | LT SV T L PRE )
coefficient of determination (R?)
. . 0.9999
Ot g i
LOD (pg/L)
i JulB e Jilas 9.1
LOQ (ng/L)
S 53151 BB o JBlas 30.62
Accuracy (Recovery) .
(st 03) oo 103%
Standards (mg/L) 75 100 200
(mg/L) s ,ltin!
_ o,
Precision Intra-day (%CV) 6.03 211 2.00
By 39559,
Inter-day (%C
¥ (%EY 2.69 292 151
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Fig. 4. Comparing the retention time and spectrum (wavelength 202 nm) of acrylamide standard solution and roasted date
seed (variety of Kabkab): aa) spectrum obtained from standard solution, ab) spectrum obtained from roasted date seed, ba)
peak of acrylamide standard solution, Bb) peak of acrylamide in roasted date seed.
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Table 3- Acrylamide content in ground samples and their Moka brew

Samples Ground samples (ng/kg) Moka (pg/L)
diged 0w Ol diged B0
Arabica coffee a a
Sy 98 1825.23 £17.44 345.89+4.08
Kabkab
K 360.99 +4.15P 68.06+ 0.51°
O
Estamaran
] 301.07 +5.98° 59.42 +0.53°
9 )AM
Zahedi
) 29297+ 4.71° 58.40+ 0.68°
s=2l;
Shahani d q
TSRS 167.55+ 3.25 33.87+0.20
Mazafati . .
3o 129.43 +£2.37 25.70 £0.30
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Different letters in a column denote significant differences (p<0.05)*
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Fig. 5. Melanoidin content of Moka drinks prepared from arabica coffee and different varieties of date seed.
Letters (a,b,..) in each column indicate a significant difference at the level of 0.05.
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Table 4- Color parameters of ground samples and Moka brew prepared from Arabica coffee and roasted date seeds

Samples . . .
Waiges L a b
Arabica coffee
Sy 0503 19.97+ 0.232 7.43+ 0.062 9.73+ 0.082
Kabkab
OIS 31.14 +0.09¢ 13.31+0.16¢ 19.61 +0.15¢
Estamaran b b b
Ground sample o pasins! 26.34+0.14 9.79+ 0.07 15.00 +£0.01
o0 Cluw] digod Zahedi q
s 29.39+0.23 11.244+0.11°¢ 17.71+ 0.10°¢
Shahani
Sl 34.15 +0.18f 15.74 £0.12¢ 22.48 +£0.33¢
Mazafati
il 26.97 £0.26¢ 9.63 +0.16° 15.43 +0.20°
Arabica coffee
Sy 0503 29.61 +0.392 29.97+ 0.15® 20.66+ 0.23?
Kabkab
OIS 73.75+ 0.49¢ 3.72 £0.062 30.32+0.14¢
Estamaran b b b
Moka brew o yarias! 72.02+ 1.05 4,09 +0.07 27.38+0.17
Bgo (Suumigs Zahedi
P ey ol 735040.02° 479+ 0.06°  29.49+ 0.25¢
Shahani
Sl 74.54+0.21¢ 6.45 +0.12¢ 32.30+0.17f
Mazafati
il 72.54+ 0.21¢ 451+ 0.11¢ 28.61 +0.02¢
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* Different letters in a column denote significant differences (p<0.05)
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Abstract
Introduction: Nisin is one of the antimicrobial substances that is used today as a preservative in various foodstuffs.

It is a bacteriocin comprised of 34 amino acids and a molecular weight of 3.5 Da. With all the benefits of nisin, there
are barriers to its use in dairy and protein rich products. One of these barriers is the combination of nisin with fats,
proteins and sugars and the consequent reduction of its antibacterial activity. In the food science and industry, the use of
the technique of encapsulation and production of liposome is the best possible solution in such cases. Also, by adding
an antimicrobial agent such as chitosan to the coating of nanoliposomes, the antibacterial activity of the product may be
increased. The aim of the present research was to produce nanoliposomes carrying nisin with (and without) chitosan
coating and to evaluate the physical and antibacterial properties against two gram-positive bacteria, Bacillus cereus and
Staphylococcus aureus.

Materials and Methods: In this study, four treatments of nanoliposomes carrying nisin (NN), nanoliposomes
carrying nisin coated with chitosan 0.05% ((NN-CH (0.05)), nanoliposomes carrying nisin coated with chitosan 0.1%
(NN-CH (0.1)) and nanoliposomes carrying nisin coated with chitosan 0.5% (NN-CH (0.5)) were prepared and
examined in terms of physical properties (average particle size, particle dispersity index, zeta potential and
encapsulation efficiency) and antibacterial activity (against two gram-positive bacteria, Bacillus cereus and
Staphylococcus aureus with two diffusion methods in agar medium and microdilution test). This research was
conducted in a completely randomized design and SPSS and EXCEL softwares were used for statistical analysis and
drawing of diagram, respectively. Data were analyzed by 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 the average particle sizein different treatments with each other are
significantly different (P<0.05) and vary from about 110 to 327nm; Also as the amount of chitosan in the coating
increased, the particle size increased (P<0.05). This indicates the successful binding of chitosan to the surface of the
nanoliposome, which results in the formation of a layer around the nanoliposome and an increase in particle size.
Particle dispersity index was recorded less than 0.3 in all treatments and was not related to the amount of chitosan in the
coating. With increasing the amount of chitosan in the coating of nanoliposomes, zeta potential increased significantly
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(P<0.05). This index changed from -55.34 in NN treatment to 53.14 mV in NN-CH (0.5) treatment. In fact, chitosan as
a cationic polysaccharide changes the potential to positive values. As the amount of chitosan in coating of
nanoliposomes increased, the encapsulation efficiency increased significantly in the treatments (P<0.05); this index
increased from 32.19% in NN treatment to 75.14% in NN-CH (0.5) treatment. The results of the antibacterial activity of
nisin in two methods of diffusion in agar medium and microdilution test showed that its antibacterial activity increased
with nanoencapsulation of nisin with (and without) chitosan coating (p<0.05). Also, with the increase in chitosan
concentration, the antibacterial activity of carrier nanoliposomes increased and the highest antibacterial activity was
recorded in NN-CH (0.5) treatment (p<0.05). The diameter of the non-growth halo of Bacillus cereus against the
research treatments (with five concentrations of 2.5 to 25 pg/ml) varied from about 4.5 to 17.5 mm. This amount for
Staphylococcus aureus was recorded from 2.1 to 26.5 mm. By increasing the concentration of nisin and carrier
nanoliposomes, the diameter of the halo of non-growth of both bacteria increased significantly (p<0.05). But an
exception was recorded in this case; The diameter of the non-growth halo for Staphylococcus aureus in two
concentrations of 2.5 and 5 pg/ml of treatments was the same and had no significant difference (p>0.05). The minimum
inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of the examined treatments for
Bacillus cereus were in the range of 100 to 400 and 200 to 500 pg/ml, respectively. These two concentrations for
Staphylococcus aureus were recorded as 50 to 200 and 100 to 400 pg/ml respectively. Based on the values of diameter
of non-growth halo, MIC and MBC it can be claimed that Bacillus cereus is more resistant to the examined treatments
than Staphylococcus aureus.

Nanoencapsulation of nisin in the form of carrier nanoliposomes with chitosan coating is a suitable solution to
improve its physical and antibacterial properties. In such a way that by increasing the concentration of chitosan in the
coating, both of the aforementioned properties improved significantly. Nanoliposomes carrying nisin with (and without)
chitosan coating have the ability to inhibit the growth and killing Bacillus cereus and Staphylococcus aureus bacteria.
The antibacterial activity increases with the increase in nisin and carrier nanoliposomes concentrations. The value of
non-growth halo, minimum inhibitory concentration and minimum bactericidal concentration confirm that Bacillus
cereus is more resistant to nisin and its carrier nanoliposomes than Staphylococcus aureus.

Keywords: Nisin, Nanoliposome, Chitosan, Physical properties, Antibacterial activity.
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Treatments Contents
NN Nanoliposomes carrying nisin (no chitosan)
NN-CH (0.05)  Nanoliposomes carrying nisin with 0.05% (W/V) chitosan coating
NN-CH (0.1) Nanoliposomes carrying nisin with 0.1% (W/V) chitosan coating
NN-CH (0.5) Nanoliposomes carrying nisin with 0.5% (W/V) chitosan coating
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Table 2- Diameter of the non-growth halo of Bacillus cereus bacteria against nanoliposomes carrying nisin (mm)

Treatments Concentrations (ug/ml) l:((:fllttll'zf
2.5 5 10 20 25 Doxycycline
N R R 3.56+0.08% 6.72+0.158¢ 9.43+0.29A¢
NN R R 4.82+0.11°¢ 8.36+0.145¢ 11.25+0.554¢
NN-CH (0.05) R  4.56+0.12°> 6.58+0.19 9.98+0.378° 14.74+0.36"° 23.11+0.37
NN-CH (0.1) R 4.64+0.15P° 6.73+0.1°P 10.15+1.04%°  14.97+0.114°
NN-CH (0.5) R  7.48+0.24"* 8.62+0.21%%  12.87+0.428%  17.11+0.38"

R= Resistance
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Different uppercase and lowercase letters in rows and columns, respectively, indicate significant differences between the data

(p<0.05).
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Table 3- Diameter of the non-growth halo of Staphylococcus aureus bacteria against nanoliposomes carrying nisin (mm)

Concentrations (ng/ml)

Positive control

Treatments
2.5 5 10 20 25 Doxycycline
N 2.14+0.06"¢ 2.25+0.1P¢ 5.76+0.12% 8.46+0.11Bd 12.81+0.77Ad
NN 3.11+0.12P¢  3.12+0.04P¢  7.39+0.24° 11.85+0.828¢ 14.47+0.634¢
NN-CH (0.05)  3.96+0.19°®  3.99+0.21P® 10.35+0.43°°  14.31+1.06%° 19.1241.23 31.11+0.37
NN-CH (0.1) 4.11+0.83%°  4.11+0.57™ 10.69+0.56°°  14.55+0.745P 19.25+0.9440
NN-CH (0.5) 6.43+0.1P2 6.61+0.25P2  12.81+0.64%@  18.11+1.0182 26.34+1.017

(P<e/+0) Casl aodly oy o me BMB] 35535 adimd LS (5w g slaw ;5 el 4y Sglite oo g 55 gy
Different uppercase and lowercase letters in rows and columns, respectively, indicate significant differences between the data

(p<0.05).
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Table 4- MIC and MBC of research treatments for Bacillus cereus and Staphylococcus aureus (ng/ml)

Strain

Bacillus cereus

Treatments MIC MBC
N 400 500
NN 200 400

NN-CH (0.05) 200 400

NN-CH (0.1) 200 400
NN-CH (0.5) 100 200

Staphylococcus aureus

N 200 400
NN 200 400

NN-CH (0.05) 100 200

NN-CH (0.1) 100 200
NN-CH (0.5) 50 100
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