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1. Pussy willow
2. Salicaceae
3. Malpighiales
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10. Catkins

\YY

dlole Cb 3 oS cls s oS 5 o3l IS8 5 il
3 mS e 5 S4eS Olos (LB eS8 s 4 Oy
D10 AL i g oslinal s St 53 Jlane J3380 poean
5 eslogy las,s gl ol Cgy b S edilip 3l
saliial (o35, o 5) pShS (5ol 5 oliS Ssieds Olgsa
(el e Olssay Sty 51l edle s
38 e ol 518 chblbes 5 S Gslols
5 Sl dal o2l s 4 oSl eslgils [V0 V]
ol b s o Sl el
ol SR oSl esl il glaojlas (g5 505 5 sledls
S5 RS g el e 10T pliat sl 4
JB Gl a3l by T s Mg oS
@ AP Sady 5> Gl s G (iS4 S
5 Sl s Sl eilal S S 0T lgdlas 5 Slas
Olnl papm om0 O JLEBAS 5 b5 isel] Sl e
S0 ol JGasn 5l Gaa [Vo ANV sl
5 2l oS Sl iy s Siedy L
Al e O 5l by 5 SO (S Slho s b3
35 eddjgare ol sl Slasiie adles ol s
) g el (Sl L 53 (IS b S5
Gladde 5 A (oSl (g ey s Sl 2 b (el

L a5l sl e sleesls S

lbesd 9 ALS 5 g\ -Y
a2 LQLA.“ L@)Jﬂ Lo.i:..u) V.WJS J%)LS LULA)}.‘J' U'i‘ DL
ST o pgore S Ogmmam) At i 55 (Ao 4470 o
K& YA/Y @}L&A L a}gﬁz u‘lj (uLJl c@).lﬂ L¢.<:.w> ra“.l,.»

o3 ekl 5,50 (OWJT c@).’ﬂ L&) e sl o o

4. Salicin

5. Myricetin
6. Kaempferol
7. Quercetin
8. Rutin

9. Luteolin
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19. Adjusted R-squared
20. Root mean squared error
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11. Zero-order

12. First-order

13. Kopcha

14. Korsmeyer-Peppas
15. Ritger-Peppas

16. Higuchi

17. Weibull function
18. Hixson-crowell
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Table 1 Sodium alginate-whey protein
microcapsule containing musk willow essential
oil characterize

87.31+£3.21 Encapsulation efficiency (%)
10.65+0.95 Particle size (um)
-11.40+5.24 Swelling- acidic food simulator (%)

385.47+£21.09  Swelling- fatty food simulator (%)

el s s b 5l s i 5y (Seelusg s Jlas o Sl
O Jdsds) ey S VeoEr/A0 ol oy el
daly Gk sl i s olbl &S Sl 51s K56l
355 o S e gl 5B Gasianlag iy mdaw AAS 0
2 e O ey ol s s ST sl e A

ol chle il Lol O w5 il el


http://dx.doi.org/10.22034/FSCT.19.125.121
https://dorl.net/dor/20.1001.1.20088787.1401.19.125.6.5
https://fsct.modares.ac.ir/article-7-54987-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-06-02 ]

[ DOR: 20.1001.1.20088787.1401.19.125.6.5]

[ DOI: 10.22034/FSCT.19.125.121 ]

Ve J:S‘\q 09> AYo D)Lo.ajl

5 Gkl e Slaand B 53 3y O S i
ol sl sdd asls QLS Y SKE s G gl Sleans
53 3 () o il w base el S
bos Gaotm oRby gl elean il Ll
Jos S-0sl Jue
e (b Stew 5y 2 Sled g —oliS Cho

dhe  ppe Olpe W)

S Siady bl lay & sl Ol w8
e R IR N SRS E P PSS
Lbeds aY @ Oy LLa 1) ey ol Ll e Sl
o el YU J oS50 035 1> S adis 51 ol
wly el alay 5 Ll o Jes mbe Olpen Y ol ol
Olgee Al VG padise Js850 O35 4 m 30l =0
S S b Gl s iled e Wy 28I 0T (s 2358
o3 Wl BB s e ol oy [Ye ] wl e Sl
- NI RUN PR N O Y PP RN g
ol a3 s Dble il 048 5L e
L oo e Ol s w3l 5 335 o Lidl s

_ 120

=)

X

A

g 100 L~ — g
e

T ol T e

= 80 /I/ e

3

ol A

7y

s 40 e

4 l/ ®  Addicfood simulant (experimental)
‘E 20 S e Acidic food simulant (model)

E B Fatty food simulant (experimental)
£ 0 — —Fatty foodsinulmt(uodd)
8}

0 30 60 90 120 150 180 210
Time (h)

Fig 3 Release profile of musk willow essential oil
sodium alginate -whey protein microcapsule in
simulated acidic and fatty food conditions.
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Fig. 1: SEM micrograph of sodium alginate -whey
protein microcapsulecontaining musk willow
essential oil.

s Skl gl sleacs pH g5 s 5 U5 Ll s
b oS ol IOl S cl mE Y Gl 05 3l

P l00) Al o SalS (gols e sbas

EHT: 15.00 kV WD=14.18 mm Photo no.=21894

et

Zeta potential an'V)

-3 30 70

pH

Fig 2 Influence of pH on zeta potential of sodium
alginate -whey protein microcapsule containing musk
willow essential oil.
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Table 2 Kinetic parameters and statistical values
of various mathematical models.

Release condition Parameter
Fatty Acidic

Zero-order model
0.1897 0.1739 K,
0.778 0.893 R’
0.311 0.223 RMSE

First-order model
0.0194 0.0123 K;
0.993 0.991 R’
0.048 0.052 RMSE

Kopcha model

2.82 2.53 A
0.0001 0.0001 B
0.938 0.986 R?
0.176 0.078 RMSE

Korsmeyer- Peppas model
0.1139 0.0617 Kkp
0.4559 0.5057 n
0.956 0.986 R’
0.121 0.081 RMSE
Higuchi model
2.821388 2.53 Ky

0.938 0.986 R’
0.178 0.077 RMSE

Weibull function
39.10 62.25 a
0.932 0.94 B
0.993 0.991 R?
0.051 0.058 RMSE

Hixson-Crowell model

0.0162 0.0112 Kuc
0.995 0.993 R’
0.044 0.047 RMSE
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Fig 4 Release profile of musk willow essential oil sodium alginate -whey protein microcapsule in simulated acidic
food condition fitted to zero-order, first-order, kopcha, higuchi, korsmeyer-peppas, hixon-crowell and weibull

models.
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Fig 5 Release profile of musk willow essential oil sodium alginate -whey protein microcapsule in simulated fatty
food condition fitted to zero-order, first-order, kopcha, higuchi, korsmeyer-peppas, hixon-crowell and weibull
models.
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ABSTRACT

ARTICLE INFO

The musk willow essential oil is volatile and encapsulation can protect
them from environmental factors such as, light, oxygen and temperature. In
the present research, preparation of sodium alginate-whey protein
microcapsule containing essential oil of musk willow was carried out by
internal gelation-emulsification method with encapsulation efficiency of
87.31%. The obtained microcapsules were characterized by particle size
analyzer, zeta potential analyzer and scanning electron microscope.
Encapsulation efficiency, swelling ratio and in vitro release of the essential
oil was also investigated in fatty and acidic food simulationconditions. At
acidic and fatty food simulation conditions, the complex presented
negatively charged, with potential zeta values being 42.25 and 38.11 mV,
respectively. The greatest electrostatic interaction occurred near pH 3.0
where the charge approached neutrality, which represents a balance
between the biopolymer charges. Microcapsules shrinking in the acidic
food simulation (pH=3.0) and expanding in the fatty food simulation
(pH=7.0). The release results indicated that the release of musk willow
essential oil from the microcapsule in both conditions occurred with a
controlled manner and exhibited a slow rate. The essential oil release was
found to be best fitted by Hixson—Crowell model (R*=0.993 for the acidic
food simulation condition and R?=0.995 for fatty food simulation
condition) which implies that a change in diameter of the microcapsule as a
function of time. Mathematical modeling of release kinetics shows that
musk willow essential oil loaded microsphere release follows by classical
Fickian diffusion and erosion/degradation mechanisms.
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