FAYBYY Obrao /YA Jlo /¥ 05les YA als / Slie mlio sla imgh i [ sighy ole dllds

Journal of Food Research

(S 93,58 alid Ly ouudi 00l ik gy (oud¥I 68 Glig ) d wanass! (AT -l g3 ) gals 3 i
OF S35 (Silse Lo S5a9 L5y 9 Hebw Juie

Teaan ) S 9 S adinan sola [ SLLA (S g sgans Mp gSe il Ld s 5e s

AV/ENT i b pdy gl VAN il s fols

e ol ( lds Bl s psle Al by

8 ol (e mls 5 psle 05 S SLtils 5 sbskal e
8 Sy pake oS8 (g3lussls 05 S Ll T

P BE a6 55 s

Email: rrmokarram@yahoo.com 45 J see *

owasa
o bl lase S L a5 o (FE30s) wanaSt ol Jio uudalinel )l 5 s @53 530 rdadllae diss
odslb b sl paawy als (ol plas S ol olhissSee a5 Gl bo 1 dua el cdlsl Sals
soly (i g el S () 0 Sl Jie S0 S L @l Jladl Soses € WIS By, 4 Galas
3 6IELL Glewsly 5w (alob eI au T (oliaud el gl ot Olsias sadad 5 o) sl b ud
oI O S i w3 o3Il 5 ek Slia st s ¢l iphey w8 dalas O Lo cais Glewl,
S ol alse HUALw dalllas (gl @ omnd (oS s iSeal ) QIS elhal Olie (iSan 5 s (glos (odus,
e o g3 sadd cuall (a5 55 Gloae Sellul b g8 5L Lol a8 solii) Sl dadl By oK
SNas AT callad (558050l i Glawily 5 wa S daculae (I8 = (5 ye 555 83 gane (5530 538 5 iSaunl 5 05 58005
oAl abliae 1,350 < oly Glis pdn gy (B ooIG Sy Sue 51 hala gl il ol dalas Hhe (i, @
Osedl oo a1 pal glagn 6 5 sann K00 4 el npsn dalis (S5 (555 ssiaslail dn sy
ISl V7Y 5 it b B 23S 5 S e sl (il (s (ol GRS e i S5
4 s hdt Oba i — ey GYEA) iaie b sl GLES deaso YETY 5 JSall€e /40 e Lo\ F/VY
Y Slsa oad g el ) Jaaslly AT o (SN culaa ail o (550l 90 abis guladas cuals saiasglas
el soSee Y/0 sgun s £00 5o Sojiegsnel fanly 5w S dalas i (Bl guiay o/+0F sl el e
(2l (S aSdanis el sy waju AY 5 ae 0 AT/Y G B 4 el leaily 5 LIL0 ledl ad sualie
5 a4 ald (SolKe alsa 4S uls s Sos olalllas b (35 5008 5L alid (SolSe 5 (S Galsa dlis
Sletily & 4as b oriaas il o cnlio Sl (o) @l Sun 5o soliial gy abi ol (SN ol sa

el s sl Sl sut e (500l 0 S Jauailiy Vb aa T cads Glewily 5 61800

Blis Slals Jite (i€ 5 ,S (AT ambliie @l 5 el B (3 seelS 56 alid guals 183509



WAA Jlo /Y oplouds YA Al / olis mlio (sba jingh 4 puis

wypSe 2Ly s YA

ale @ opl 5 osd oo suliin) Salag 5 20l
cliilas wils sadaialis AL cuw) slacalla
Ja3) adlice a2 aage 09 LG 5 (BALIE 5l o
lacal 8y Lo S3s ceotage (YIA OLKaa
S phie glesia ali (Gasoslie D) ke
OLSear 5 (Sad)  pay Aals uld s (S
Yo P ol cadoh b Soa ol (Y- Ve
A e 5 O et (VY LK 5 she3¢)
e Sdaaas 5158 9

) GBS S Ml dSe S S
o oelsn b slapld € sl Slhaaa s S slasaly
O ol USde s aaupe S5 Clio all
O Y6 B gl Lasaly oy ple silea
Goaeplie (WAL plall g sul),ud)  wal e
Blad 5l gas (B3 02 o Jl s
eslle 5 ooa ald JSES cawlh (S5l s0
o suliied gl o Sy s 5 YU Sl
oiped ol 0T sla (S5 o) Gew) slaSea
5 Sob) ol plcusaiouw) 5 e e slole
(Y10 ohlSan 5 wle JI¥- Ve GllKan

obipl o cud) obissSee Juash ol Lo
sols Jladl Soned & VIS iy, € alas
S Ohgo 4 Hlele die S e S Ly Sl
Ghasd ool Ol Gaa b sols (b 'GA]
L sl DBl iy 5 Go0) Ll ol ge ) suliil
s Yb UL, b s oon (SOl il b el
il gl ot Ol sl cudselK sl
ML LIS igen as @il 5 alb ]
ol Sl i s el WT anl cuds
s S wlas

1- Mixed matrix

doude

Lase oy OF (oslae b S 5 € 5 Loz selS 530
Looane b T ouii€ 5 sole K6 JBlua aaly S aiiiua
Sdge) Wabiee Ll Ve 51 S alal
9 leos a8 Hu (Yo VE San 5 L s S
ebliae o150 S0 S saliinl 4 gl 5o (Sasy
3 WS lcn sy b ol sely 5 ol ek
sl gl e ok Gl sl pew 5a
Al Ll e b wb LS 6 lasely Asie
o518 A 5 Gt 53 g Olas) el axY <L
Shagl (Yooa OKea 5 $uel) asl oS Lagl
sla S5 (FEs0s) caiie aulys punbliselsly 5y 5o
sla S5y YU o calie o il s e
Loolel adbl (Salbls 5 o (Sl
L e @oB0ke 5 aula ublie Glase (555,15
GLKaa 5 g0 YeNVE ga) Wisls cw) s
-0 Sl ws sl @l aallle ju (YeNY
Lhogsw —onal ) cuise8 8b 5, 1) Jals o5l
Sl sa S Sl 1 O oisla, 5 @oRSHL publias
(A RAREIBLCE RO

S (Pare Sl 55 o Jlas lele slas s S pa s pelos
9 o e dlge G Jelad 4 WIS e Guy i
csbsond cnolh ding enl I slag S
are b (I bS5 (Yo e Glhlea 5 o) wiS S
Sl o Al glaghagsy o Kl by
OS5 Gl wilead A8 LG Jawy slad Sl
ASatil U chao cablie Jie oo S3s ol
sl e @l oluan) 5 gus BA (Sulke
wiea ool ol Gy slaSua il
S oo 0 S lacd iy (V-0 GKaa 5 YL )
A oob € it s < laclKli s ol
S 5 B (s saiSdobie ila s
(VAT Goas 5 sse) wilont suliical a5l
aolsd 53 Gleu S gl 85 55el auls slacal 8



Y ol S5 (Sl oSy (bl 5 ok sto (S8 ol b 0 005 iy (VIS gy s e 8] i) CarjonalS 5 st

Jladl sl gl pslae udaa 5 o3 g
L byl b eelo VY @i 5l aa .od 8,03
Ol bl BBy 5o 590 A0 e e ) 5k 5Tl
Dla 5 (B8u) s oae 4 Veors XQ gaa il S
it LY ohle OT b e 5 wa S laa gl
2 (5510450 Laans slos Lo g LBy Ho g il sal
(Yovo oS 5 50 (Fucus)

CMC /(5T ssus! /aad 535 (5 g0lS 930 alsd cags
deoa b st GaluShcul 85 5 lie ol s
seolie bl s yo ol L3 .ol G3eT CMC ) aulie
7Y Jslao a1, CMC (ausy0)e Yo Y £ 5 0) Al
gy aSeke VooGupe 5 80 S Ja Joal
G asS Glal of & or °C glos Lo pbliae
03 dols bglaie T cdles 5 Bls o geas
@los Lo cela Y8 oo @ gomial b culy JAls
(Ye oV (saans 530 5 puads) s S SEA Lasas
9 2 9  9Sa g S0

alhd alul 5 b slbisgaad sy @l
oAl peblize 515390 b sadp sl cul 55 el 855
CMC-palusashcal gy dsmalSal ald
s 4388 LIS (SEM) s, Sunisll osSn s Sie
a3 0 a3kl 51 ol co saidid S 5 glal SaS 4
e sade oledbl T s (SSy oiiaes
B IR ki ERRPVRICH PRV G I |l PN L PR I VN
i g

39509 Sas dalllas 5l 53 (3593015 93U plud angs
Do oS 8ss BB Gas GBA5: Cpl Lo Ladipad s
Gl okt O Sl e & g0 @i B a S led
G0 D3 5 ekl S Gupes wa30 S (Saa MalS 5 0k
Gl Boad s Gl wd Ghay (pods 5 B, JoY
S O ROospelS b ald Sl e Bl 55 iy
O SEA (gl lad sl dan adisals 158 JoY (s,

i sl YV °C slaa b ool JAls el ¥ cas 4

Lagig, 9 9lse

3l g0

SegSee ¥ B Y o5l oo A psd a8 @lhdssSee
a1 prabliie SIS0 (58 WA LS oS8 )
(olnl wlse sl Lol =Sya ) (FesOs)
eS5d 5L (JIse 050 L) Sl dite S5 S
il cuS e 55 Jolae (OB g ull Ll
(OS50 eSom 5l 780 Gasld) Cuel dasi
) ol (Ll TohyL oS8 3)) slss Dl
(sin o S GlaS g0 oS

Lo Ky

9315 O @Aale Universal 320 Jue) 356i il
(oWl ale HR200 Jas oS +/+-0) s L)
(oWl @Al Heidolph MR Jus) coublide ¢ yea
(oWl cale Hielscher Jus) oy L5180 s
Tensor 27 Jas) (FTIR) w558 (068 s 5ol
Juo) edngs SuSl oS S (olall il
Sz oty 8&5s (ot ) =il Mira 3 FEG SEM
5 oS oy (el 3 ales XD5000 Jao) (ol
sy (oly) =ale Santam STM-1 Jae) ,Lis
(50T Al 2410 Juo) gl Hlea s
Laga gy

) AT g el g3y Jlas!

a SV 5 oAl pwblae olhiglh AN
B, Sl Dl sl e Ve o cad 85 213580
Cu s B39 0 Se b o £ 88 LB s i
Jolae Sl b \ oy —
9 el dele € Gasldussadabion oo s 5
calgiy 5 ol puublias 3l Gleyea Jlas!
°C sloa 5u' (Blouob 3 w5 wa S Wlal waly e

S el el VY cue 4 aaele ¥ oose 4 VY-

1- Carboxy methyl cellulose
2- Sigma Aldrich

3- Merck

4- Reflux
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1- Fourier transform infrared spectroscopy
2- X-ray diffraction
3- Max Von Laue


https://en.wikipedia.org/wiki/Max_von_Laue
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1- Wave number
2- Zeolitic water
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Figure 1- Scanning electron microscope images
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Figure2- Histogram chart of iron nanowires size
distribution
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Figure 5 - X-ray diffraction pattern for zeolite and
zeolite-iron oxide
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Figure 3- FTIR spectra of zeolite, iron magnetic

nanoparticles and iron-bound zeolite by trimethoxy
silyl propyl amine
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1-Mobil Composition of Matter NO.41
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Table 1 - Distance between planes in zeolite and
FesOas-zeolites nanocomposites at various angles

D (26 ) 31 36 415
Zeolite 2.88774 250070 2.16791
Zeolite - Iron oxide 2.88552 251940 2.17109
D (20 ) 525 63
Zeolite 1.73583 1.48941
Zeolite - Iron oxide 1.73414 1.48040
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Table 2- Results of tensile and stress test of zeolite-
FesO4-carboxymethyl cellulose nanocomposite film.

Modulus  Elongation Stress extension  Results
(MPa) ) (MPa) (mm)

4.2077 33.7475 1.42 13.499 Threshold
(peak)

3.8242 34.3185 1.32 13.7274 elong aft
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Introduction: In recent years, Nanoscale composites have been considered for excellent physical,
mechanical and electrical properties, such as extensive flow, catalytic activity, and more. Super
paramagnetic nanoparticles based on magnetite (FesOs) have exhibiting striking characteristics,
such as large surface area, mobility, and high mass transference. More than that, they can be easily
recovered by applying an external magnetic field. In this study, zeolite micro particles with large
internal contact surfaces and iron oxide nanoparticles were linked to each other by covalent
technique then both were coated via CMC (Carboxy Methyl Cellulose) with the mixed-matrix
method. The most important features of zeolites are: regular and uniform pore system and high ion
exchange capacity, a large surface area, non-toxic and safe for environment (Nabiyouni et al. 2015).
CMC is natural polyanion that have the features such as the ability to provide good films and
mechanical resistance and it is augmenter of electron transfer (Cheng et al. 2013; Cui et al. 2011).
The produced nanocomposite was designed as a support for the chemical alpha-amylase
immobilization, and the loading efficiency calculated by Bradford reagent and UV-visible
spectrophotometer and immobilization efficiency by the Miller method (Starch hydrolysis and
optical absorption measurement of maltose produced) were calculated. The mechanical and
electrical properties of nanocomposite film were also studied by Four probes device.

Material and methods: A commercial enzyme a-amylase (from Aspergillus oryzae, 30 U/mg
protein), sodium salt of CMC (high molecular weight), phenol and sodium potassium tartrate were
obtained from Sigma-Aldrich. FesOs nanoparticles were obtained from Nanosany Corporation
(Mashhad, Iran). Na A- zeolite was obtained from Kimia Khatam knowledge-based Co. (Tabriz,
Iran). 3-Aminopropyl-trimethoxysilane (95% purity) (APTMS), Glutaraldehyde (25% aqueous
solution), soluble starch and 3,5-Dinitrosalicylic acid (DNS) were obtained from Merck Chemicals
(Darmstadt, Germany), All other materials were commercially accessible and they was used without
any purification. The bonding of zeolite and iron oxide was done by a trimethoxysilylpropylamine
solution, which was used to modify and bond simultaneously iron-zeolite magnetic nanoparticles.
The modification and actuation of zeolite surface were performed by FezOs and APTMS as the
silane-coupling agent, respectively. In brief, a zeolite with a particle size of 1 to 2 micrometers and
magnetite nanoparticle (10: 1) was immersed in 20 ml of toluene solvent. Then the mixture was
dispersed in toluene for 5 min using probe-type sonicator (70w, 0.5 Hz), followed by addition of
1ml APTMS solution to the mixture for bringing the amino groups on the surface of zeolite and
Fesz04 (Hosseinipour, Khiabani, Hamishehkar & Salehi, 2015). The mixture was refluxed at 110 °C
for 3 h to induce the surface hydroxyl groups of zeolite. The synthesized iron-zeolite was mixed
with a good percentage of CMC plus 2% glycerol to prepare the film. To investigate the surface
properties and scanning electron microscope particles, for the interaction of components the
infrared spectroscopy and to study an X-ray diffraction the structure of crystalline materials was
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used. Mechanical properties were also obtained by a tensile and stress device, electrical properties
such as I-V curve; electrical conductivity and electrical response stability for Nano composite film
were obtained using a four-point probe. The surface of the support was active by glutaraldehyde
(25%) and within 24 hours on an orbital agitator, immobilization the enzyme was performed. The
loading efficiency was calculated by measuring the amount of unsaturated protein by Bradford
Reagent and the Uv-visible spectrophotometry. The immobilization efficiency was calculated by
measuring alpha-amylase activity by miller method (starch hydrolysis and optical absorption
measurements from maltose production).

Results: The results of scanning electron microscopy showed that magnetic iron nanoparticles were
bonded to each other by trimethoxysilyl propyl amine and made iron nanowires. Then, the same
binder binds the nanowires to the zeolite microparticles. Iron nano-wires are also embedded in the
zeolite microparticles and the bonding is well established. Interpretation of particle size revealed an
average size of iron nano-diameter of 48.8 nm. The results of FTIR showed that the peak in the
wave number of about 554 cm™ indicates the Fe-O groups present in the iron nanoparticles, which
confirms the binding of the iron nanoparticles to the zeolite. But in this study, nanoparticle bonding
cannot be ensured because of the overlap with the Si-O-Al peak in the zeolite structure. Therefore,
X-ray diffraction (XRD) test and absorption test by external magnetic field were used to confirm
the binding of iron magnetic nanoparticles to zeolite. Zeolite is known as a crystalline material
while magnetic iron nanoparticles have more amorphous portions. As a result, the interference of
the waves in the zeolite-iron oxide nanocomposite was of a destructive type. In result of XRD test a
reduction in the crystalline peak in magnetized zeolites observed that confirm the binding of iron
magnetic nanoparticles to zeolite. In the mechanical test of final tensile strength, the maximum
elongation, elastic modulus and strain to breaking point were 1.31 MPa, 13.72 mm, 3.95 MPa and
34.31%, respectively. Electrical properties of nanocomposites were measured using a four-probe
device. The potential-intensity difference curve was non-linear, indicating the semiconductor nature
of the nanocomposite film. The electrical conductivity was calculated at 1 v potential difference and
0.1 mA current equal to 0.053 s / cm and the amperometric response was observed at 450 s for
about 2.5 pA. Loading efficiency by Bradford method and immobilization efficiency by Miller
method were 93.2% and 82%, respectively.

Conclusion: Comparison of the electrical and mechanical properties of the nanocomposite film
with other studies showed that the mechanical properties of the prepared film and the electrical
properties of this film are very suitable for use in biosensors. Also, due to the high loading
efficiency and high enzyme immobilization efficiency, the potential of the synthesized
nanocomposite support was found to be very desirable. Isolation of the substrate by an external
magnetic field in the immobilization of biological molecules and use as a drug carrier (for example,
the zeolite carrier for the anti-cancer drug 5-fluorouracil) is of great intereste.
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