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2. Electrohydrdynamic Atomization (EHDA)

00

oS g c’a.w U O)smw aoold —£-Y-Y

St o 30 S e 5 05 g S o Ahols S s
Byl (S Ol (s5,8 e 5 Sl Ol
et 0l ol 2RI oS wer 5 J3U S e Aol
Ailog o oS maz 4 Doy Sl 1 (5568 Al J sl
Rl e Ol 3 55 (S Ols 55,5 ST e dle
Ol oS e s 4 Jsloe Il O Sl il
dadd Oas s ¢l ()'Y Oley Sl SKae 1Lk e
dols By dil @l sy ol e @ 2,55 5 Sl A
O 5P ey Sl S Pl ediledl L oS Sl
Ll dools Sl Kos Bb 5l apd Sus 55 SU
Fr o s ol o SUI kel alS 4 s
il O s i kol s oS ol ek sdalie 305
Ol 50 R 51 G20 Ll ooy cnl Ll oo
Al GUE O s dlS feS s s Skl S
Sl Solals S Ol 5558 ds o B 4 onl ol
S Jlome 228 O 51 S poslie S oS 350 355
LYo] ds b GUIL s 2ol el 5 Bl dal g

e Jol o VY

Sl (e S gloes SIS 0L 2 O g0l s Lo I
L o blie A58 ol sk (e 2 S S
SUL S o M ek il s
Al e el 5 S

asby Ny

3530 53 Logase OU (S5 50050 5 2 Bl 5in Sasb
cae cogb s AL adls ol p Gbadd s Jsloe ks
@PJ&JLJ‘S&M}:”)JANJ'J%@'C;
50l S bl (S 18 I Gl sl
I¥] 552

Ly —Y-¥-Y

oren 3 33 G S 25 SR e gles
Gl Bl s e i Gy Jsleu 505
das e olrl Loy il ams 55 5 ey lad S50 oS >
sy GUsSge 1 Gt S T dsS sl g U

AT b Jles!

1.Coulombic Force
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3. Agglomeration



1¥AE OLT ) ol Y oy

u.ﬂ‘.)&@uj€)l&ul.c}u

@L'wﬁ B wjjf.ﬁ‘ 6\Abﬁj‘s—-\
e

Sz, -V
WJbe Ol @) OV pmS $U 5 5,80 e GO
Glagtss desleml 0385 Ko Sl 0385 Sex
Aol Opmdpal Sl g e ity 03]
Sle Gt s Gk 56 (Gl s (2500 sl el S
3 35 e 5 b b dled s LS 5 o bli
Lo ool a5l bas, gl 5l F o odb ol bl
@ o S Lob Mg e 5l S Blas s JT sl
2> ol 3 S e edd Sl e ke Blse o
Sl Caw b ke O Oloman &S ol >
Slagostd nlpby 35l sy T oslpe sliledl Jalye
Ea 5sS 5 002 il Lyl ol Jlasl sl oS gt
038 SKix il arg oy LS obel (6558
Al S Glr s rAd e S S AL
Sl 5 et Gl e Sl s 8k wuse
Sist b ol b il s 3 oy ol 0355 35,8
G Ssan oy w0 DS Gl il 0o 8
sl 5008 Sat b s lag SL oS i Ol 1
ol 5l ple Jsame SLob o ol ot
ol oS sgdee ble p 5 ol Cl a3l ana S s
Sl 55 il Lyl & ol o)l slsn sl led i)
Sl ol Gy ol SR cas il anils s S
Aolp Ll ey s slee Jeol JseSs S o
035 St N Wil Opelin o sS) Osmen i
Sl Liss idyene 5 nisrs oS 31 S 5 golend
ot ot I ol b o) K sms 03,5 S
03,5 K ol Culee NVl 015 Sl skl b
Al e SVsb anip ol 5 Vb 5 A S35 ssle
Gu e sl b il il sk Dl s edle

spray drying

freeze drying
extrusion methods
fluidized bed coating
9. emulsification

10. coacervation

11. nanoprecipitation

5.
6.
7.
8.

ov

Slks 5 sk 4 IS e Js s (Sl s
Aoy Sl opkd oa) sl 5L O 0ass 53 esd S L s
S Vponn (A3l g0 ok Sl 150 JS il 51 Sl
Gl okt obl GUSIS Dpilng 4 IS5
(05N ST0slanl 5l oS5k e & il xSl
O 51 jege 5 0 asd b5 ((O0E 03 ) gacr o3

V4] 3 g o sl J}m&b&:ﬁu@\sw

a b
o
capillary .m capillary ( \'|
HV HV
\ J\. CRE

-+
shell soluion salvent
liguid jet ! liguid jet._, Sy
core sotion’
L
L]

@ b
ule
® Copsl
L L]
Ciapsule '.
.
Pl d N
capillary { H\": Inngr caplllary | Wyl
4 ir\__.-f' S ﬂ\_ i
capillary "
soivent shiell liguiad
liguiid ot} partich e Bquid
@ oelling bath L]

Lok 0@ nals iSO cile sladiyl B Siles T Y8
(€ S5 515 0 gl 5o il A2l 2501 (B e L
33 s (@ A58 8 gl O3 33 0 S
ARV
GRS Ol OA NS/ L S (2
Sl K ats sl 5l il s (- JSK2)
ol 205 o il S eiS o ey b oS w3V Jule
a3 oa LSS ann Sl gn (S5 g S g S Jele
35 Oloyen (2l a3 :-dS0) “hpme 33 i (5
@50 ol 53l e on g Ay g 3l caliss @L»
oy AP 5 er b it LSS el 3 L 5
ouss Sy e sl 3L ) s mle s (s5S
et mle (ol o3l o 55 phep b OL
Gy ol S s o L ) YL caslie gl

DA das e 3L VU SIS 6310

4. Electro-coextrusion



i 5 il SST Ol 4y ey s S B e

A S

b Sl Sl SV pase |y aS 8T U s
DA S G RS s a5 s JE 5 Jem csolalld
b 4 s Ll aiS Chme ipd Al 0,8
35 gns o8T g 0390 s 31 vt (535 SL2E
S Ul oS s edd 5 sle S iU
KR [N NG N U VI N CH
L oSl Jlos 5 ens ules oo M5 218 J samee
iy BB eSS e gl K e e
S W3 & s 2SI s 4 S5 sl S oSl
Simpe 255l Sl dlS e gl e 4 e
Slaiss ple Sloeslid b iy gl S 4 o

[Fa] st 2ils |y Jyons

b d b -1

L e sl sl (S sl i 3 055l
5SS a8 s e OLES al gl ladlae L Wlesls ol s g
whelys gmio Sopa ol Jb s &S e et
el A slaosle s SUISE W5 (655 5l ealina
s s g s SUISE DL sk bl
Sl SUISL bt 5 e edlinal s G S
My popams mhaw Vb o ol ol 055 S
oA s Jo ol s A WY b s s s L
53 omse S Sa T A 5 GV sy 2L b sl
LE0] 05 4a

V""}j oS —-¢-1

e T bl s LSty Jadoes 55 S350 O eusST,
3 Syl 3 eslaal e il 5l Seolies eslanal
bl BUISE 5 eslizal dy ol 4 .o m;:i Gl
SUIEE Jle gl A8 w1 K ol s
plr 4 b dlasl gl (S sl mha sl s S
Wl e e ks SUISL s o )l ba 5T st
Al b slacsle & STy Lo Sl iy 350 e
G owsg pslie edd s, SUIEL das 2alS
Cogo 4 AP e e 5 Lgd e I Laee 51 2l

T8] Gy 5 s

OA

dodss 45 5,8 e JSS O sdiS abl| lames 5 Jl Juls
Sl oS5 G 2 s Shli a0l (VL

IYV] S e Jlasl s
Sl e G5 el gladl Bl S 5 S
Ll o S Do 4 b seS SU s 5 S M5 e
2 Lelss Gl Slles Lol ol pl 2 esdle
LYV] s o plal Jhall SLES 5o 5 Jams ol > a2
Sy 3lse 5l gles 1S b 51 2l s xS 5 e ST
5 botsn Bl Gy o ey 5 5L ey
LSS Sl Sle eolns sl Olse 4 blda s S
6 8 sl s SLS 5 S e eslizel Jlb e
K a e S s w Sl S oolss Olye
Sl ot o8l ey ol aan il Jeld L
LYW § 0 055 sl Y] L 55 ol AYE]
mea [ S 5 VAT s AT Y5 YV] 0308
S8l s 4 e chel 5 b sl
5 el g VU Ly 5 6y o A S (e
Cer ombe SLSS sl Sy a0 e
D] dimen 565 550 oo 5 gl uole Slis,
LY 058 Osmar Gk S LS5 sy,
sl dYET walis Y] OF Slizie 5 Jeke I¥F] Syl
lps Olge ¢ [PV] 0S5 [M] LIS s 7o)
okd S isn culs, S (Sl 03 ol
Lo 5 Dol sl bady 3 ol o ST o
O 1 b ey s tisls JT ladd a4y 5L 55,50
et sl sl el s b il gl )
comilie 335580 3150 05 303 L) 5 b 5l ks sla S5
Gl Jletsl i, S Olge &zt 53 05 s S
ssdim et B i ol eIl 5 cblis
3 s LSS S el [YA]

Ol sl Jilay YU LS L la sy (il S

sl

22305 Dol e 5 i ol el Sl ) olse
b sl CBlis oman 5 IS Oley il e
DI Asb loard o 25 51 (S

L“J}“‘"""‘ f‘,b -Y-1

e SN pame (gduiinn (555 p ok w5 sl )b

Sob S 0BaS Gaae gy a4 LIS e adees



1¥AE OLT o) oslad VY 6,2

Q_i‘.kf« éL&)€}lﬁ P "}i)

Cellulose Acectate Fibre Webs. International
Journal of Polymer Science: p. 12.

[3] Ramakrishna, S.2005. An introduction to
electrospinning and nanofibers, Hackensack,
NJ, World Scientific.

[4] Anu Bhushani, 1., &
Anandharamakrishnan, C. (2014).
Electrospinning and electrospraying

techniques: Potential food based applications.
Trends in Food Science & Technology,
38(1), 21-33.

[5] Frenot, A. and LS. Chronakis. 2003.
Polymer nanofibers assembled by
electrospinning. Current Opinion in Colloid
& Interface Science 8(1): p. 64-75.

[6] Doshi, J. and D.H.
Reneker.1993.Electrospinning process and
applications of electrospun fibers. in Industry
Applications  Society Annual Meeting,
Conference Record of the 1993 IEEE.

[7] Reneker, D.H., A.L. Yarin, H. Fong, and S.
Koombhongse.2000. Bending instability of
electrically charged liquid jets of polymer
solutions in electrospinning. Journal of
Applied Physics 87(9): p. 4531-4547.

[8] Yarin, A., S. Koombhongse, and D.
Reneker.2001.  Bending instability in
electrospinning  of  nanofibers.  Journal
Applied Physics 89(5): p. 3018-3026.

[9] Tan, S.H., R. Inai, M. Kotaki, and S.
Ramakrishna.2005. Systematic parameter
study for ultra-fine fiber fabrication via
electrospinning process. Polymer 46(16): p.
6128-6134.

[10] Teo , W.E. and S. Ramakrishna . 2006. A
review on electrospinning design and
nanofibre  assemblies.  Nanotechnology
17(14): p. 89-106.

[11] Shenoy, S.L., W.D. Bates, H.L. Frisch,
and G.E.2005. Wnek, Role of chain
entanglements on fiber formation during
electrospinning of polymer solutions: good
solvent,  non-specific =~ polymer-polymer
interaction limit. Polymer 46(10): p. 3372-
3384.

[12] Gupta, P., C. Elkins, T.E. Long, and G.L.
Wilkes. 2005. Electrospinning of linear
homopolymers of poly(methyl methacrylate):
exploring relationships  between  fiber
formation, viscosity, molecular weight and
concentration in a good solvent. Polymer
46(13): p. 4799-4810.

[13] Munir, M.M., A.B. Suryamas, F. Iskandar,
and K. Okuyama.2009. Scaling law on
particle-to-fiber formation during

04

J:MJ}J:S‘“ éﬁJ‘SJ."'U‘V";"’..'_v
OT b s o sl il 5 108 s

A 05 5 e me IS s L Y Sl S
o Jo gl ol S el osle Ol S1zil 5 ales
e oo il Lasie slas plS 4 slaws 5 Glal
O slasls @) 5 ity oS cml mbo alex Sl
S Lladly s o e AL e Glatd ki psle O pe
Olgion g5 &l ol 4 Cod iy o8> 035 Ll L
Sl ana s Dl e a5 S ) 1) 1 s OIS
Al ealp 58 eslasl sl Sl e s 5 0f o
SN Olse a (Supd e i Sl s b e S
S5 5 el e SUISE A5 s 8 ST )
Ss S st (K5 ol Sl eslimad U olie ol sla
DS 5 Sl el 02505 Ao 1 O 1 00 - e
sl Vb sl DS L S slas S 5 Jd s
5o bl wg s ol Vs (gl A
O Gl 5 Gttt o357 53 ol €Ll roman
Sled e Cns 3 STl glas 8 Sl el e
s a AR Sl ol b s e
Sl w ol sl ol o33t (s ) 21
Sy Su 2 peh b ST e wles Ll Wlesle,
5 Al C)’w\ L3l gy opl 5l smee eslinad (ede
b S s el Al s oY Ll 3 L O ks
Sl Sl oslanal ile 1,85 slow) a3l sms c]a.w
25 3 30 s Glapienn (Olojer slgx) S5am L
GRS L i Al Slmds ks S
e ol 318 bl ) elKas Sledis 5 b

RGN ﬂJﬂQL{A\ .L.SL;A oslaial 6)l>d Sy g

@L:,c -A

[1] Ghorani,B. & Nick Tucker, Fundamentals
of electrospinning as a novel delivery vehicle
for  bioactive  compounds in  food
nanotechnology, Food Hydrocolloids,
Volume 51, October 2015, Pages 227-240.

[2] Ghorani, B., S.J. Russell, and P. Goswami.
2013. Controlled  Morphology  and
Mechanical Characterisation of Electrospun



i 5 il SST Ol 4y ey s S B e

A S

using soy protein and poly(lactic acid)
electrospun fibers. Food Research
International, 42(8), 933-940.

[24] Lopez-Rubio, A., & Lagaron, J. M.
(2012). Whey protein capsules obtained
through electrospraying for the encapsulation
of bioactives. Innovative Food Science &
Emerging Technologies, 13(0), 200-206.

[25] Xu, X., Jiang, L., Zhou, Z., Wu, X., &
Wang, Y. (2012). Preparation and Properties

of Electrospun Soy Protein
Isolate/Polyethylene Oxide Nanofiber
Membranes. ACS Applied Materials &

Interfaces, 4(8), 4331-4337.

[26] Saowakon Wongsasulak, Jochen Weiss,
Pitt Supaphol. 2010. Electrospinning of food-
grade nanofibers from cellulose acetate and

egg albumen blends. Journal of Food
Engineering, 98(3):370-376.
[27] Biirck, J., Heissler, S., Geckle, U.,

Ardakani, M. F., Schneider, R., Ulrich, A. S.,
& Kazanci, M. (2012). Resemblance of
Electrospun Collagen Nanofibers to Their
Native Structure. Langmuir, 29(5), 1562-
1572.

[28] Songchotikunpan, P., Tattiyakul, J., &
Supaphol, P. (2008). Extraction and
electrospinning of gelatin from fish skin.
International ~ Journal  of  Biological
Macromolecules, 42(3), 247-255.

[29] Brahatheeswaran, D., Mathew, A.,
Aswathy, R. G., Nagaoka, Y., Venugopal, K.,
Yoshida, Y., Maekawa, T., & Sakthikumar,
D. (2012). Hybrid fluorescent curcumin
loaded zein electrospun nanofibrous scaffold
for biomedical applications. Biomed Mater,
7(4), 045001.

[30] Nieuwland, M., Geerdink, P., Brier, P.,
van den Eijnden, P., Henket, J. T. M. M.,
Langelaan, M. L. P., Stroeks, N., van
Deventer, H. C., & Martin, A. H. (2013).
Food-grade electrospinning of proteins.
Innovative Food Science & Emerging
Technologies, 20(0), 269-275.

[31] Schiffman, J. D., & Schauer, C. L. (2008).
A Review: Electrospinning of Biopolymer
Nanofibers and their Applications. Polymer
Reviews, 48(2), 317-352.

[32] Desai, K., Kit, K., Li, J., & Zivanovic, S.
(2008).  Morphological and  Surface
Properties  of  Electrospun  Chitosan
Nanofibers. Biomacromolecules, 9(3), 1000-
1006.

electrospinning. Polymer 50(20): p. 4935-
4943,

[14] Mazoochi, T. and V. Jabbari. 2011.
Chitosan Nanofibrous Scaffold Fabricated via
Electrospinning: The Effect of Processing
Parameters on the Nanofiber Morphology.
International Journal of Polymer Analysis
and Characterization 16(5): p. 277-289.

[15. Lin, Y., Y. Yao, X. Yang, N. Wei, X. Li,
P. Gong, R. Li, and D. Wu.2008. Preparation
of poly(ether sulfone) nanofibers by gas-
jet/electrospinning. Journal of Applied
Polymer Science 107(2): p. 909-917.

[16] Zong, X., K. Kim, D. Fang, S. Ran, B.S.

Hsiao, and B. Chu.2002. Structure and
process  relationship  of  electrospun
bioabsorbable nanofiber membranes.

Polymer 43(16): p. 4403-4412.

[17] Mo, X.M., C.Y. Xu, M. Kotaki, and S.
Ramakrishna. 2004. Electrospun P(LLA-CL)
nanofiber: a biomimetic extracellular matrix
for smooth muscle cell and endothelial cell
proliferation. Biomaterials 25(10): p. 1883-
1890.

[18] De Vrieze, S., T. Van Camp, A. Nelvig,
B. Hagstrom, P. Westbroek, and K. De
Clerck. 2009. The effect of temperature and
humidity on electrospinning. Journal of
Materials Science 44(5): p. 1357-1362.

[19] Jaworek, A., & Sobczyk, A. T. 2008.
Electrospraying route to nanotechnology: An
overview. Journal of Electrostatics, 66(3—4),
197-219.

[20] Enayati, M., Chang, M.-W., Bragman, F.,

Edirisinghe, M., & Stride, E. (2011).
Electrohydrodynamic preparation of
particles, capsules and bubbles for

biomedical engineering applications. Colloids
and Surfaces A: Physicochemical and
Engineering Aspects, 382(1-3), 154-164.

[21]  Manojlovié, V., Nedovi¢, V.,
Kailasapathy, K., & Zuidam, N. (2010).
Encapsulation of Probiotics for use in Food
Products. In N. J. Zuidam & V. Nedovic
(Eds.), Encapsulation Technologies for
Active Food Ingredients and Food Processing
(pp- 269-302): Springer New York.

[22] Nedovic, V., Kalusevic, A., Manojlovic,
V., Levic, S., & Bugarski, B. (2011). An
overview of encapsulation technologies for
food applications. Procedia Food Science,
1(0), 1806-1815.

[23] Vega-Lugo, A.-C., & Lim, L.-T. (2009).
Controlled release of allyl isothiocyanate



1¥AE OLT o) oslad VY 6,2

Q_i‘.kfa éL&)€}lﬁ P "}i)

loaded fibers with potential biomedical
applications. Carbohydrate Polymers, 94(1),
147- 153.

[38] Pérez-Masia, R., Lagaron, J., & Lopez-
Rubio, A. (2014). Development and
Optimization of Novel Encapsulation
Structures of Interest in Functional Foods
Through  Electrospraying. = Food  and
Bioprocess Technology, 7(11), 3236-3245.

[39] Van der Schueren, L., Mollet, T., Ceylan,
0., De Clerck, K. 2010. The development of
polyamide 6.6 nanofibres with a pH-sensitive
function by electrospinning. Journal of
European Polymer, 46 (12): 2229-2239.

[40] Ghorani, B. 2012. Production and
Properties of Electrospun Webs for
Therapeutic  Applications, University of
Leeds (School of Design).

W

[33] Alborzi, S., Lim, L.-T., & Kakuda, Y.
(2010). Electrospinning of Sodium Alginate-
Pectin Ultrafine Fibers. Journal of Food
Science, 75(1), C100-C107.

[34] Kong, L., & Ziegler, G. R. (2012). Role of
molecular entanglements in starch fiber
formation by electrospinning.
Biomacromolecules, 13(8), 2247-2253.

[35] Jain, A. K., Sood, V., Bora, M., Vasita,
R., & Katti, D. S. (2014). Electrosprayed
inulin microparticles for microbiota triggered
targeting of colon. Carbohydrate Polymers,
112(0), 225-234.

[36] Lubambo, A. F., de Freitas, R. A.,
Sierakowski, M.-R., Lucyszyn, N., Sassaki,
G. L., Serafim, B. M., & Saul, C. K. (2013).
Electrospinning of commercial guar-gum:
Effects of purification and filtration.
Carbohydrate Polymers, 93(2), 484-491.

[37] Sun, X.-Z., Williams, G. R., Hou, X.-X_,
& Zhu, L.-M. (2013). Electrospun curcumin-



23 ncfsct, No, 1. Vol 13, Nov 2015 ABSTRACT

Introducing Electrospinning as a New Approach in Food and
Nutraceuticals Industry

Ghorani, B. **

1.Assistant Professor ,Department of Food Nanotechnology, Research Institute of Food Science & Technology,
(RIFST), Mashhad, IRAN.
(Received: 94/6/7 Accepted: 94/9/16)

Structured polymer fibres with a diameter of about several micrometers to a few nanometres have
attracted considerable attention in various scientific fields. Among the various methods applied to
produce the fibre, electrospinning is proposed as one of the novel techniques. In this method, the non-
woven structures are produced by applying electrical field to the polymer solution and due to the
solvent evaporation. In the electrospraying method (as a branch of the electrospinning technique), the
manufacturing process of the fibre production shifts to the production of capsules and thus conditions
are provided for other varied applications of this technique. The electrospun fibres are applied in the
processes such as filtration, tissue engineering, drug and nutraceutical targeted delivery as well as
reinforcement of composite systems. In this comprehensive paper, relying on the experiences of the
author, the introduction of electrospinning, the method of its implementation, and its potential
applications in the food industry as well as the prospect of this technique in the industry will be
discussed. Indeed, the entrances of this new approach to the food industry can induce significant
alterations in this area of science.
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