8 Blg0 (551 9 (5 59158 i
AT sl 0o e

WY-AL
http://ejfpp.gau.ac.ir

o P P
w.,:.‘\,"u'.-_-.‘)p;,a#;:*"f-. L gt 2y

JH> o b wgwy gy b o dngd O3 gl 40 Wigal o jlas (Sligiyg 4o

TS B L 9 Al (el s (s 8l Sl
Ol Dl o e gl 33T oK (Ol s s Al ¢ 106 milis iige 5 pohe 05 S Skt
Ol el e o gDl 13T o3 (Bl 5 e g jacy miiligo 035 o0
Ol 08 e oDl 15T o823l (Sl D15 dnls ¢ e mlio iige 5 poko 05 S Sk
RPNV 1y sl YA Y/TY 12l b

oS
Sad b S 5 5 sl (Il e W ot s 5 a5le Jlad 5 LS 5 (g5l 0 0b o las tbda 5 adslu
(el (250 o Sl IS SIS BT S el G 5L e S r gl eS|
sl ol S ilisie SIS sl ge 4 S e b G GlaeS 5 Dol 4l il gz 5 JB S 5 B
Slpess fromar OS5 opl g St 53 5508 Gl 5 5 5 @ ek bl e 5l dpams 3 kS 2alS
e 03 23 S 3Kl S gl slaesssT b s osllasl alS s JSES 530S (sle 33 (sla ST (6| s s
D03 S e OS5 ol dile Jelse U Cou Jled s LS 5 gl bl St Job s 55 s gusl
Ui e s Sl b 5T 5 st PH aile g 31y los sy —(slodan (sl e 5l e b 55 0 e 51
SLa S e S0 55 Oadn 5 sSie OSe e Gl bIS il Jla ooy SLS 5 Sl s0sss
oS sl SLs SU s Wb ejlas Sl ndss el Jiash 5l Ods ol olg Jpame g all 5 Sa) 55

ol L Sdd g 53 i et I il 53l g Mt b gy s 3 eslizad U e

Q}]JAJQ)\)J ..)..j,%ﬁj.:;;giﬁﬁg]&ﬁjﬁ);ﬁo:;&Lgﬁg]&rﬂjﬁd}.\m:huij)j:‘y
Loyl GLaiSs 1238 Sy 4033 10 ey 5 Ol plam 3 31 Sl a3 Ar (slas 3 o 4 gl
Sl s A L el JHBIL abols s e sl SCES b e VL] 3Ll IS 15 o 5T 1 eslinud

L L;)j@}, St sl 5l eslizal L olyd 4L

Sealusssdon b (80310 3 g do )3 AV (s w0 0slae (535 558) Y0 ) S 6l GLE 05,5 0330 tlaadly
3 2l sd Syt S 5 Sk ped 3 031l 5 oS sl Ol L (Seelus S|, oo 5l eslanal U coly3
5 it G LS U ool glants 5 sl oslas 4y fodd e 3050k amwcib =k ol
Sleslinal U 5 el oas an Loty o 55 b e VLl slowl . Llesls STy w2l il la S

leilabagheri@alumni.ut.ac.ir :43\Ks J yie”

1y



OS2 5 558U

oYl sza Qb) yL’ )L’\'>L..~ Lgle)j)_éle.bu eJ\...ZLg)L..NA.:MZ .b.:}r_»: BEl e.)\..}€l>r_’\ éuwu)T CLLU U,»L.»:] » :‘5;49.5_-;3

BE ol L;'»u};()j)J dﬁl.g e)LAG Jﬁu)uﬂﬂUTéudﬁjﬁ &ﬂﬁuywl CJLL )WﬂuTéuwﬁjﬁ ‘.;ﬂj-‘*

Sl Jals sdas sddgilaand bl 5 s 1y olys gL

RTOE RV P T PRI P St L Pe o B olas o ,e dlail (D= Ao b v 5 1 gukdlS” (sla0 L5

A



1van o b)loa.:} Q) s 2138 dlgo (5,05 9 6)57)3 A gl

J53l Cd glalis w5 slsel, 51 S
35 il Il s SLS 5 L 0T il 8
L olie oV g5l o L)l 5
Sl g b s llael il dld s LS
o —b 53,8 e slaul ol SN e
Slaion b el sty 5l iU oS Wad 23 s
£33 go 3gdmme |y a0l 3 5 )LS 55 ol Gl
O N g 5 3 Lad b L Sl eslizal 51 L3 ol o
ol o pllasls ab sl (655,20 (e Y s
(ENVCPII-CHE { PR ¢ ') SN P B
el Lad g b L (0l s 5l (=8 SlagSs )
33,85 2l Jhds 53 6 pl Al 5 oysdS bl
e Sl S Lad 3 L imes (MY A)
L Jle gl 135 Llie glaes sl p ods K
TV ) S e a5 e s (oal
Odd lo g3 (Sl e g LLan;éL;L_z 3l sl (Y0
S el ol ol ) 5 e s At a3
G 83 G S s ol en sl B 0
K bl 51 5K 5 i 0
B (1 Q) 05 Ladl o pees a3 Ol s @
Sl aile Gl gL oS a5 g e
5 e slge godas a5 elia) e L ad 5o L
S ;K0 55y dag 5D oz m Slodas Lyl
wdrs 3 Cis g Olag 0350 BLSG (pH 5 gike
O30% 0> Hnd Sl b5 i3 s Dol
o3 G b O YA Al e ialS sl
U C 5 e LU b ey LS
5 (0551 5 55 b sbed) T3 il Lyl 2
s e 4525 Olsl edae (sl pH
slaglsbl o ads Gl Jﬁbauiuﬁbw—’
5wl sl B bl 5l AU e s LS 5
S 58 035, o 1y Lol eds J 28 Jala, 0Kl

5. Encapsulation
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1. Matricaria Chamomile
2. Terpenoids

3. a-bisabolol

4. Chamazulene
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10. Extented shearing rate
11. Sonication

12. Entrapment

13. Cranberry
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. Spray-drying microencapsulation

. Fluidized bed coating

. Extrusion encapsulation

. Coacervation

. Spray chilling

. Molecular inclusion using B-cyclodextrin
. Liposome entrapment

. Hydrogel entrapment

. Antisolvent precipitation
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1. Incubator
2. Cross-linking
3. Sodium azide
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3. Supernatant
4. Tapping
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1. Dynamic Light Scattering
2. Polydispersity
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1. Differential Scanning Calorimetry (DSC)
2. Fourier transform infrared spectroscopy
(FTIR)
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Table 1- Size and polydispersity of WPI nanoparticles and commomile extract-loaded nanocapsules
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Values are given as mean + standard deviation. In each column, values with the same letters are not significantly

different (p<0.05)
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Table 2- Particle yield and encapsulation efficiency of whey protein isolate (WPI) particles and commomile extract-

loaded nanocapsules

(/) aJ5 .L_J); a)jL.v
Particle yield (%)

(/) L;L.‘:ﬁo)ﬁ a)jL.v

Encapsulation efficiency (%)

&)1;5 Ir e JLA& C/m & }u
Extract to WPI ratio Sample

- 78.4 + 1.6°

- 86.4+2.7°

81.3+2.3° 93.2+1.5°

742+ 1.3° 89.2+1.1°

dals g}-’"ﬁ‘?)f J‘ a.Lﬁ:A.:‘.«; be
Particles from non-cross-
linked proteins

O S eddag )3

P el s el
Particles from

enzymatically cross-
linked proteins

aJLA.D L ol 6;_;\; be
Il (535 ek €5

120 ol Sk o
Cammomile extract
loaded-particles from
enzymatically cross-
linked proteins (1:20)
aJLA.D L oS 6;_;\; be

S 3 eddags &b

1:15 o sl e dlas]
Cammomile extract
loaded-particles from

enzymatically cross-
linked proteins (1:15)

P>4/00) L\ (gls gme oslis LSS b Ot )3 S e g glols slael s jlms Ol sl o Sls &) snts s 3lasl

Values are given as mean + standard deviation. In each column, values with the same letters are not significantly

different (p<0.05)
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Figure 1- Scanning electron microscopic images (SEM) of whey protein isolate (WPI) particles obtained through
desolvation of non-cross-linked (a) enzymatically-cross-linked (b), and commomile extract-loaded enzymatically
cross-linked (c) whey proteins
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Figure 2- Atomic force microscopy (AFM) images of a) 2D topography, b) error signal image, c) 3D topography of

WPI particles obtained through desolvation of non-cross-linked (upper panel), enzymatically cross-linked (middle
panel), and commomile extract-loaded enzymatically cross-linked (lower panel) whey proteins
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Figure 3- DSC thermograms of WPI particles obtained through desolvation of non-cross-linked ( = * ),

enzymatically cross-linked ( = ), and commomile extract-loaded-enzymatically cross-linked (™ ™) whey
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Figure 4- FTIR spectra of WPI particles obtained through desolvation of non-cross-linked (blue line), enzymatically
cross-linked (black line) and commomile extract-loaded enzymatically cross-linked (red line) whey proteins
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Figure 5- Degradation of WPI particles o

cross-linked

Loy Yo 5l meS S g sba il s, uf:wﬂ
Cel o ¥ b sed s Sl g0, o)lae
s Sl Ol cpl il il (18w S
= () cal B8 S sS 05y 4 odae 3l 1A
b= 5l e YAL@JLmeufj\m
03 bl cal ulay eds Slas0gss o slas
23 ez o 53 0355 el leand Ll 0
(ol b, St g gbas olas Ol b
0edd Sl olas 3l do s AY &S (g sba
sl ol lay oldSabw S celu # b
3 S oSSl A Lo e S50
A edalie Obey b 3 ejlas Aula,
S35l ko3 Ve a8 e s cpl 5o
ot e O3 53 edre el leand Ll 2 s
L}SJ\MJDYAL@J'LMV_@Q&LN?“)'\
o=l ool ulay e SLisdgss oslas
syl 33 ed gy el b leand Ll 5 530 e
S Al st e Sl S e e o S

e X

A+

ined through desolvation of non-cross-linked () and enzymatically
) whey proteins with pepsin at pH 2.0.

—Glodmnn sl g ilwand Ll L3 55 6 las o=,
Lf“"-“'Jj C)bb)\ e)lda.@ u,ll.il_ﬁ) J—ibjji 26‘0)_’)
ol =0 GMLSJLAM Ja'f.\j":' )J QLG) Lﬁ']a)b va...:_).:I

b [ e O 5ds

bl s e s
03 et f 032l )z Ok 035 el S 5luand
sl L ps)s ejlas ol sl eyl F S
3l ooe Jlal gladsy leddag Sl5 5
5 St ol 3 (g I Ww S cel P b
Y PH 55 (uiS s lag 5l o 05 o
L N ol ol oS cli la, VIF
05 b e ol 30l by S LS
Osal s st 55 (Yoo V) 0L 5 OISLLE
it eI ISY o Sl eddags U5 slasd
il el Sl esliad Uy 5 e VLl sl
iy oo il asls 5158 5Ll l8
Lyl |y pls b, Ol r—.’.}j s 5
1F) sl fals sdae sl g 5luans
(g D3 33 odre 0l Ll 2 s

uul.iwéﬁdldaj\v—«ﬁjﬁ@bb)\e)w



1an o D)Loa.:} Q) s 213 dlgo (5,5 9 6)57)3 A gl

4

iy Lm s

Release (%)

0 60 120 180 240 300 360
Time (hour)
(sl e
O3 (b ys ol G 4 Bl (20 JLall 2l s G o 51 s 5 D15 5l lae Gla, T IS
25 g5 0 pl3) ey 5 b odae ol 5lwand Jayl 5 5 (I 55 0 515) s 502> O gy odae sl (g luand Jayl 5 s

(RF @) e F 230 s 0255 e g5l Lol 13 55 ((JB 5 03 18) g § ) g Dk 0395 0 b5 lmand Jayl o

Figure 6- In-vitro release profile of extract from particles prepared from enzymatically cross-linked proteins in the
simulated gastric fluid without pepsin (open circle), simulated gastric fluid with pepsin (solid circle), simulated
intestinal fluid without trypsin (open square) and simulated intestinal fluid with trypsin (solid square)
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Abstract

Background and objectives: Chamomile extract contains bioactive materials such as
Terpenoids, a-bisabolol and Chamazulene and polyphenolic compounds including apigenin,
quercetin and patuletin which have considerable antioxidant, anti-inflammatory, antimicrobial,
anticonvulsant, anti-allergic, antifungal and anti-pyretic activities. However, incorporation of
these active compounds into foods may cause quality defects including astringent taste and
increased haze in beverages. They also act as substrates for browning reactions resulting in
undesirable color changes in food products. As well, bioactive substances may undergo
degradation by exposure to heating, light and oxygen during food processing operations and
storage or in the gastrointestinal tract (acidic pH and enzymes). Nanoencapsulation of bioactive
molecules is an efficient strategy to overcome these problems without any adverse effect on
sensory characteristics and appearance of the final product. In the present research, it is aimed to
encapsulate the chamomile extract into nanoparticles obtained from whey protein isolate (WPI)
via anti solvent precipitation technique to be used for enhancing healt-promoting effects of
beverages.

Materials and methods: Whey protein solution was prepared by dissolving whey powder in bi-
distilled water. The solution was preheated in a water bath at 80 °C for 15 min. Then, whey
proteins were inter-connected by using transglutaminase. The cross-linked protein solution was
charged with absolute ethanol. Finally, nanoparticles were collected using centrifugation.

Results: An encapsulation efficiency of ~81% was obtained in 1:20 mass ratio of extract-to-
WPI. Light scattering measurement of hydrodynamic size of particles showed a bimodal pattern
for all particles. Fourier transform infrared (FTIR) spectroscopy suggested that extract and whey
proteins interacted via hydrogen bonds and hydrophobic interactions. Enzymatically cross-
linking of proteins was revealed by FTIR spectroscopy.

Conclusion: According to in-vitro tests carried out at a simulated gastro-intestinal media, it was
observed that nano-particle structure was improved by crosslinking in whey proteins. Cross-
linking of whey proteins slowed down the release rate of entrapped extract from particles in the
simulated gastric fluid.

Keywords: Antisolvent precipitation, Cross-linking, chamomile extract, whey protein
nanoparticles, Target release
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