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1. Mentha
2. 2,2-diphenyl-1-picrylhydrazyl
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Table 1. Experiments perfoemed based on design of export

@) Yeomigs @) Y3 G,
Tween 20 (9) Gelatin (g) Run

5 0 1

0 5 2

8.5 8.5 3

5 5 4

15 8.5 5

5 5 6

5 5 7

5 10 8

10 5 9

8.5 15 10

b ey 5l anl s elond gedsel anad sl
gliss Luill VG 55,8 o b IS g0, i oolinl ¥ Sl
iz )_\QLM O 09 Lasd\.:}o..» ‘SALQJ 30 U?"“‘Jl I g 30
9°'>5_~&}>‘5)L°L)")‘ oél.o.»..u‘l)g_;‘ "\Ag)o ‘) Y. u,\jy
P chd an Slge (al saled 0l 5o (Y5 00,5 J b
g by jlid Jlasl g o5en b lojes Ll i
Gl 0l T g 00l p Bl i 1 (G gil) P>
by Lanl i dlaa el codla b 5, Sejlol
v : . . . E el e (e
¢ DS e et jedaie a0l (g S ol LIS
L5 ol 3l L abged Culod line fuund 5 B sl
s ool LSl sl b
u.:_.al:> )r 6‘)_3 oolaz_ul S0 ‘5'5)1..@ ‘_;l.&bd.vj.u
u.uLw‘ = 03l ulJLu‘ A_H.Q) uj"—““‘tﬁﬁl 94[; @3)5*0.\.0
55l S8 sldbly (I Lty pl Julis tolojl (b

2. Solvent displacement
3. PDI (polydispersity index)
4. 3600 Nano-ZS ZEN
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Fig 1. Response-surface plots for mean particle size (nm) of Mentha nanoemulsion as function of gelatin and tween 20.

1. PTCC-1112, Staphylococcus Aureus
2. PT CC-1709, Salmonella Enteric
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Fig2. Examples of hydrogen bond between gelatin chains and water molecules.
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Table 2. Analysis of variance (p-value and F-ratio) for mean particle size, PDI, zeta potential, conductivity and Turbidity of Mentha
nanoemulsion as function of gelatin and tween 20.

Glyd 031l uSileo Olyd o3lsl &9 598 Joiliy G
Mean Particle size PDI Zeta Potential
Source F-Value P-Value F-Value P-Value F-Value -Value
Model 236.46 0.000 10.26 0.012 9.80 0.013
Linear 437.40 0.000 6.02 0.047 18.11 0.005
Gelatin 847.73 0.000 1.84 0.033 31.26 0.003
Tween 20 0.07 0.001 10.20 0.024 4.95 0.077
Square 143.38 0.000 1391 0.009 6.30 0.043
Gelatinx Gelatin 274.33 0.000 6.121 0.055 12.50 0.017
Tween 20xTween 20 70.21 0.000 26.90 0.004 0.59 0.477
2 Way Interaction 20.76 0.006 11.40 0.020 0.19 0.680
Tween 20xGelatine 20.76 0.006 11.40 0.020 0.19 0.680
Culan ©,995
Conductivity Turbidity

Source F-Value P-Value F-Value P-Value

Model 263.66 0.000 10.23 0.012

Linear 651.10 0.000 21.19 0.004

Gelatin 1277.75 0.070 37.39 0.002

Tween 20 24.45 0.040 5.00 0.076

Square 2.98 0.141 418 0.086

Gelatinx Gelatin 5.94 0.059 0.21 0.006

Tween 20xTween 20 0.68 0.447 6.67 0.079

2 Way Interaction 25.01 0.041 0.41 0.549

Tween 20xGelatine 25.01 0.041 0.41 0.549

OBF e 90 w3 D905 g Culaa il B o) o3lal a4 598 ( Jgame Ol o3lail Kk Ban bl s golpainy Jow (V) Jeue

RSRSEAN
Table 3. Modeling purposes based mean particle size, PDI, zeta potential, conductivity and Turbidity of Mentha nanoemulsion as function
of gelatin and tween 20.

Mean Particle size = 426.5 - 94.1 Gelatin - 100.1 Tween 20 + 14.803 Gelatin x Gelatin + 7.489 Tween 20 x Tween 20 + 4.91 Gelatin x
Tween 20 (R?=99.58%, R2-adj=99.16%)

PDI = 0.285 + 0.0293 Gelatin + 0.1397 Tween 20 - 0.00849 Gelatin x Gelatin - 0.01767 Tween 20 x Tween 20 + 0.01386 Gelatin x
Tween 20 (R?=91.12%, R*-adj=90.23%)

Zeta potential = 15.91 - 3.050 Gelatin - 0.720 Tween 20 + 0.2187 Gelatin x Gelatin + 0.0475 Tween 20 x Tween 20 - 0.0327 Gelatin x
Tween 20 (R?*=92.74%, R?-adj=90.48%)

Conductivity = 0.0694 + 0.07238 Gelatin + 0.02038 Tween 20 - 0.001179 Gelatin x Gelatin - 0.000399 Tween 20 x Tween 20 -
0.001857 Gelatin x Tween 20 (R?=99.62%, R*-adj=99.28%)

Turbidity = 0.149 + 0.0749 Gelatin + 0.0186 Tween 20 + 0.0354 Gelatin x Gelatin - 0.01998 Tween 20 x Tween 20 + 0.00598 Gelatin x
Tween 20 (R?=99.62%, R*-adj=99.28%)




s 5 ool (5,30 Do

£y O 2138 ks 05,0455 lyie & plass s zolsl

Gl i boad by olyd s V5 b ol ylagly I3
g ST sla b JSi5 (s Vi (g iz
S e slo Janlo S5 (Y5 05T (sl Jule [0t
hlo plaS 2 a5 30,5 abgs po s )3 (5 - (Y
Iy i 50 O3 o3l 595 S 50 5 009 glase ojladl
slooa S Il sl eolawl B oo oo ioli8l Gad 4
5o Logas (Vs Les L Ve e Leed) (55255
G Sed 5L g dsolgil slol el YU slacdale

Olyd ojladl 2395 Y. Y
Ol 39 ¥+ 55 5 5a Y3 e 3L (1) U8 50
J=B amilis cl oul ools lis Ol )3 ojlal am 58
Olio ial38l Vo 1365 oS lacdale o el sunline
LT IPUNCR TRt R IRNENS
oSS sl cdale 5l oolaul .l oo i 1,3 o5l
OO oSed Az gs B alS A ove oS 5 90

PCEURISRY I PRV 51 KV FRU SOUS ¥y T | IRIOW) PR W PSS
L ‘”‘9" ° oo lice U"l ol 00 ubo &g u,....v|)3| u.cl.v

Lo Ve pudg boads Jlaul ol bl &l )3 S

Tween 20

0 2 4
Gelatine

PDI
< 01
01- 02
mo2 - 04
Wo4 - 06
B o6 - 08

| | > 08

oY g Ve Se i 5l el gl ol S uilul gl gad sl gl I3 ol ay 55 Dl ks (gamgs Sloged (V) S0
Fig 3. Response-surface plots for PDI of Mentha nanoemulsion as function of gelatin and tween 20.
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Fig 4. Response-surface plots for Zeta potential of Mentha nanoemulsion as function of gelatin and tween 20.
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Fig 5. Response-surface plots for conductivity of Mentha nanoemulsion as function of gelatin and tween 20.
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Fig 6. Response-surface plots for turbidity of Mentha nanoemulsion as function of gelatin and tween 20.
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Abstract:

In this work, the mentha essential oil nanoemulsions were prepared using Tween 20-gelatin
multicomponent stabilizing system as food preservative. The response surface methodology (RSM)
was applied in order to study the main and interaction effects of the stabilizer components’
proportions, namely, Tween 20 (0-10 gr) and gelatin (0-10 gr) on physicochemical characteristics of
obtained nanoemulsions such as average particle size, polydispersity index (PDI), turbidity,
conductivity and ztea potential. It was resulted that the response-surface models were significantly (p
< 0.05) fitted for studied response variables and could precisely predict all response changes with
high coefficients of determination (R? > 0.90). The overall optimum region with minimum z-average,
PDI, turbidity, conductivity and maximum range of zeta-potential was achieved at 8 gr of tween 20
and 2 gr of Gelatin. The optimum mentha essential oil nanoemulsion showed good antibacterial
activity against both E. coli and S. areus, alone as well as incorporated in edible coating formulations.
The maximum inhibition zone was observed using 1% carboxymethyl, 0.5% glycerol and 5%
optimized nanoemulsion.

Keywords: Resopnse surface methodology, Mentha essential oil, nanoemulsion, Tween 20, Gelatin.
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