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1. Simulant
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4. Camphor

5. Mirtenol

6. 1,8-Cineole
7. Borneol

8. Camphene

9. a-pinene

10. a-thujone
11. Sabinene
12. f -eudesmol
13. Chamazulene
14. Tween

15. Clevenger
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2. Antispasmodic
3. Astringent
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17. Diffusion coefficients
18. Zero-order
19. First-order
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16. Saturated solutions of Magnesium nitrate(Mg(NO3)2)
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27. Multi-layer perceptron
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21. Higuchi
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23. Ritger-Peppas

24. Weibull function

25. Hixson-crowell

26. Fick’s second law of diffusion
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Accomulative release (%)
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Fig 1 In vitro release profiles of yarrow essential oil
from gelatin-sodium alginate active films incubated
in watery food simulant (distillated water) as a
function of time. F10: film contain 1% yarrow
essential oil; F20: film contain 2% yarrow essential
oil; F30: film contain 3% yarrow essential oil.
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28. Mean Square Error
29. Error bar
30. Profile
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Fig. 3. In vitro release profiles of yarrow essential oil
from gelatin-sodium alginate active films incubated
in alcoholic food simulant (ethanol 10%) as a
function of time. F10: film contain 1% yarrow
essential oil; F20: film contain 2% yarrow essential
oil; F30: film contain 3% yarrow essential oil.
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Fig 2 In vitro release profiles of yarrow essential oil
from gelatin-sodium alginate active films incubated
in acidic food simulant (acetic acid 3%) as a
function of time. F10: film contain 1% yarrow
essential oil; F20: film contain 2% yarrow essential
oil; F30: film contain 3% yarrow essential oil.
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Fig 4 In vitro release profiles of yarrow essential oil
from gelatin-sodium alginate active films incubated
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time. F10: film contain 1% yarrow essential oil; F20:
film contain 2% yarrow essential oil; F30: film
contain 3% yarrow essential oil.
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Table 1 Kinetic parameters and statistical values of various mathematical models.

Release Ethanol 85% Acetic acid 3% Ethanol 10% Distilled water
condition (Fatty Food) (Acidic food) (Alcoholic Food)
Film F10 F20 F30 F10 F20 F30 F10 F20 F30 F10 F20 F30
Zero-order model
ko 0.0213 0.0191 0.0162 0.0532 0.0499 0.0475 0.0574 0.0556 0.0531 0.0543 0.0514 0.05
R? 0856 0.863 0.865 0.773 0.847 0887 0.443 0.54 0.663 0.718 0.787 0.852
MSE 3406 26.05 18.53 34845 21247 14534 584.88 4816 354.69 362.57 25427 179.88
First-order model
ky 0.0145 0.0135 0.0136 0.0192 0.0152 0.0129 0.0804 0.057 0.0356 0.0262 0.0207 0.0161
R? 0997 0995 099 0994 0997 0996 0988 0981 0979 0989 0987 0987
MSE 0.81 1.01 0.56 9.94 4.6 473 12.85 19.87 2217 13.93 14.92 15.36
Kopcha model
A 02918 0.2608 0.2213 0.7371 0.6808 0.6439 085 0.8116 0.7612 0.768 0.7187 0.6891
B 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
R2 0978 0981 0982 0931 0969 0.984 0.69 0.78 0.876 091 0949 0977
MSE 494 346 240 105,60 43.11 20.39 325.65 23038 13027 11531 60.76  28.33
Korsmeyer- Peppas model
kegp 0.0825 0.0783 0.0777 0.1033 0.0746 0.06 0.3842 0.3149 02325 0.171 0.1371 0.0984
n 04593 04642 04666 04321 04855 05186 0.1927 0.2279 02808 0338 03744 04312
R? 0983 0985 0986 0943 0971 0983 0.891 0925 0958 0955 0974 0984
MSE 3903 2762 1946 87.15 4082 2168 11479 78.66 4392 57.15 3143 19.29
Higuchi model
ky 02918 0.2608 0.2213 0.7371 0.6808 0.6439 085 0.8116 0.7612 0.768 0.7187 0.6891
R? 0979 0982 0983 0931 0969 0984 0.691 0.781 0.877 091 0949 0977
MSE 494 346 240 10597 429 20.27 325.17 22991 12987 1149 6045 28.14
Weibull function
A 4037 3785 3990 71.03 74.63 76.38 6.6 7.28 9.59 1795 2098 3138
B 08742 0.8439 0.8577 1.0779 1.0297 09964 0.746 0.6904 0.681 0.7969 0.7894 0.8372
R? 0998 0997 0998 0994 0997 0996 0.998 0998 0996 0994 0991 0.988
MSE 0.53 0.53 032 8.54 436 475 2.55 2.53 3.69 7.69 10.22 144
Hixson-Crowell model
Kuc 0.0064 0.0058 0.0055 0.0109 0.0088 0.0075 0.0133 0.013 0.0124 0.0121 0.0112 0.0092
R? 0992 0988 0.991 0997 0998 0997 0.789 0873 0944 0978 0986 0988
MSE 1.88 235 1.30 4.84 2.74 359 221.81 1333 5931 27.65 17.19 14.95
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Table 2 Diffusion Coefficient (D) of yarrow essential oil released from gelatin-sodium alginate films into
distilled water, ethanol 10% (alcoholic food simulant), acetic acid 3% (acidic food simulant), and ethanol
85% (fatty food simulant).

F30 F20 F10
Distilled water 1.650 1.380 1.060
Acetic acid 3% (Acidic food) 0.495 0.443 0.362
Ethanol 10% (Alcoholic food) 0.298 0.239 0.181
Ethanol 85% (Fatty food) 0.048 0.043 0.036

Yo e b5l ol el NAY ‘s S esas eas
Si iyl glp esls VEE sl (Sl e VL LISS
5 (o313 Y&) Ose3l Gy 5 sliledl osls £A S bz
Solwang sl s T esls daxu 55 4 (o313 14) el
3 ke £ Ok Goas i Ae (Ereas as SO
Oy 4 il Gilay et ,30 oS (h  uilul Sl
Vol el s s I bl o 4 5 Lo, s
&S jsbolen .ol ot sl DL Y Jgd 53 ot gy Sy
s a1y s gl il s ol s e sdalie
gwwﬁﬁswﬁb@u,ﬂsﬂgésb
WY 3 a5y ae b Gl G THIVEY0S) s S L
Aol el s Y S5 0 V0 5 WL Olgy
ool g he YL B L L Sl Gll ls,
VA8 ol i s S ol e la e ke 5
S 3 s sleesly sy edasglis & sy v/00
Wil ane S o gas e a3 Jde OB ams ol
DL 1y e (sl 51 il Jialay ol b sl L
S o sl s u‘ﬂ Sladllas s Lilg3 0 aS (das oo

338 Jpama 5 0bj 55 o gmdd o

)4y

A J5b1) glie slwand gwss ol (il LY Jous gb
Chis o >ao,0r sl Szl >as,5) s Jsbl >as s
Sl am g b, cpl &S cl asl 5B Ll oo s
s e 3 s OF Ol LA L s, e
oo adlae jo2dy e Dl (LS anss of G pa
S a3 S Lasie (Y0rd) 0L 5 Jll by a3
Al ol il ooV5 Gl i3l L SLasl oo o
b old 5 5550 Y5 uz.wj.x.j Cool sl sl
Giloand lame 5> OT iy Ol 5 e Sl -5
Sl o ey a5 5 s 0T L3 4 s el 5
Casby syl pedle il ooy i laoee 5o 0l o
e ho 33 A0 J U1 4 Gl dpyn Vo 501 laes j i
o ol il 4 33 8 o Jama o o i T Dl
Chle lBlas sl Ol el sl eSSl o Al
Jo) A3 5 Raley S SR s Olpsley il
Lok sl ool 2alS 4 0l e 1 el ol e (Y
213 s bl Olgee ol 581

SE IR a8 S Y-

Al dxes g jd‘l‘)‘)ﬁh_éﬂ&ﬂéuo:\:j\ &b i


http://dx.doi.org/10.52547/fsct.19.122.183
https://dorl.net/dor/20.1001.1.20088787.1401.19.122.1.4
https://fsct.modares.ac.ir/article-7-56375-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-30 ]

[ DOR: 20.1001.1.20088787.1401.19.122.1.4 ]

[ DOI: 10.52547/fsct.19.122.183 ]

el iolay Sz (olede 5 oL )

S alsbes lay dsys 00 s> Jsl cels &0 5 IS
Loamlie > & S35 Cpo e Sl —05V5 WL
Lme 53 p S Skl 1ol 5508 ey ol e
U< B P P W - JCIN 2 S LN PR W
£0) & o s 3 uilul sl Lasl sl oL 1, LSS
e 8l 0T S b b Jad e G Ve 0Ll L3 Ao
2 silwdbe C;l:.; ,»qu.a r.i:a FAS Osewllyda o
Ot gl i a3 Jde Sl ea adde des S sl LA
bl Sla, o glaesls 551 s Aol AT (VL
ol O3 i o i 4 Jde LS s il
bl e ST = 5Y5 b b 51 0lsle sy il
dde o 53 oy Jbe .l g5ledde | sy YL s
s Sl b gledl w1 s s o e
S3T=IW=Y0-) oo S b due opl b ge 51 0L e s
OS5 e e ) s il Gl el ety
ales (/07 5 0 /488 Ll e iy S ol e Silay e
et Sl T = 3Y5 Jlad slagks 51 Olsley bl Las)
S R Ceols D3 Y s 4 oS sl 0L
o Sl sty 53 8 Sl g el Sl 3T - 5V

3 sl oslaial

P g pA-0
P I P L PN PR T S | W PR PR [FA
oo gl @iledie 5 il Olpe b oS Wl
« (Achillea millefolium) O\ sbs ol se o\ 5555
Ol s 28 Jhala) St 3lodie 5 oslis by SaS
Sl " olie el gleand b 5 Jls LS
Sol L b Gaes SUIGL 03,50 a3 b oS Oy oKl

gl =1

[1] Remedio, L.N., et al., Characterization of
active chitosan films as a vehicle of potassium
sorbate or nisin antimicrobial agents. Food
Hydrocolloids, 2019. 87: p. 830-838.
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Table 3 Performance evaluation of the ANN
topologies with three input parameter.
Network

MSE R’

topology
3-6-1 3.928 0.983
3-10-1 2.34 0.988
3-13-1 2.77 0.986
3-7-5-1 2.49 0.988
3-11-9-1 1.02 0.994
3-12-10-1 0.85 0.996
3-17-15-1 0.56 0.999
3-19-18-1 0.93 0.996
3-10-9-9-1 2.11 0.989
3-12-11-11-1 1.65 0.992
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Fig 5 Dispersion curve for the measured and the
predicted values of cumulative release (%).
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various concentrations of yarrow essential oil were prepared. The release of
yarrow essential oil from gelatin-sodium alginate films into watery
(distillated water), acidic (acetic acid 3%), alcoholic (ethanol 10%) and
fatty (ethanol 85%) food simulants was measured at 25 °C. In each
simulant, all films had similar release profiles with an initial fast release
followed by a sustained slow release. Results indicated that yarrow
essential oil released faster from film in watery food stimulant due to the
swelling in water. Films maintained their structures in fatty food simulant
after 240 h. The artificial neural network (ANN) and mathematical (first
order, Kopcha, Higuchi, Korsmeyer-Peppas, Weibull function and Hixson-
crowell) models were applied to describing essential oil release from film.
Mathematical modeling results indicated that Weibull model could
satisfactorily describe the release kinetics of essential oil for all food
simulant (minimal correlation coefficient (R2) and mean square error
(MSE) of 0.991 and 10.22, respectively). The ANN model with 3-17-15-1
topology accurately predicted the kinetic release of yarrow essential oil
from gelatin-sodium alginate film in all food simulant with R2 = 0.999 and
MSE =0.5.
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