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Table 1. Physical characterization of poly(vinyl alcohol) and poly(vinyl alcohol)-red ginseng extract solutions used for

electrospinning
P S S gl g joSmn g
(o pt g o) (5o o o uionjgySn) (il FL) Joks
Surface tension Electrical conductivity Viscosity Solution
(mN/m) (uS/cm) (cP)
3 ). ™
63.8+0.4a 3322.9+10.8a 720.8+4.1e (s 2202 V) S s S
PVA (%10 wh)
308 S 0,lac
40.3+0.6e 4038.2+8. 2e 1170.2+7.6a PP S 0)
RGE
62.9+0.2b 3379.6+13.3b 730.9+5.3de (o> 203 ¥) 308 Sisier 85lac + (359 Juop> Vo) JSU ooy (b
PVA (%10 w/v) + RGE (%2 v/v)
61.7+0.2¢ 3452.7+9.7¢ Toa e g (T 2R T) f Shi blas + (g 2o V) S ds
. o o PVA (%10 w/v) + RGE (%4 viv)
59.9+0.5d 3494.9+11. 4d 7837134l T AR F) e S blas (s a0 V) S s S

PVA (%10 w/v) + RGE (%6 v/v)
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Table 2. RSM design of actual/coded factors and experimental response of nanocarrier diameter

o S RGE clié
(Fogil) Jbd 2 ) () (o) (gghs) Jos W5 (o a0 ) Shsloj
Diameter (celw . Applied voltage RGE D C B A Run
(nm) Pump rate Dl(sct;l;ce (kV) concentration
(mL/h) (%oviv)
284.8 0.8 22.5 17.5 4 0 0 0 0 1
260.6 0.8 9.6 17.5 4 o -2 0 0 2
3324 1.2 15 12.5 2 +1 -1 -1 -1 3
337.1 0.1 22.5 17.5 4 20 0 0 4
366.2 1.2 15 12.5 6 +1 -1 -1 +1 5
364.2 1.2 30 12.5 2 +1 +1 -1 -1 6
359 1.4 22.5 17.5 4 +2 0 0 0 7
380.8 0.8 22.5 17.5 7.4 0 0 0 +2 8
282.3 0.8 22.5 17.5 4 0 0 0 0 9
332.1 0.8 22.5 17.5 0.6 0 0 0 2 10
283.9 0.8 22.5 17.5 4 0 0 0 0 11
328 1.2 15 22.5 6 +1 -1 +1 +1 12
3154 0.4 15 22.5 6 = I B | +1 13
403.3 1.2 30 12.5 6 +1 +1 -1 +1 14
286.1 0.8 22.5 17.5 4 0 0 0 0 15
370.4 0.4 30 12.5 6 -1+ -1 +1 16
316.8 0.4 30 22.5 2 -1 +1 +1 -1 17
347.2 0.4 15 12.5 6 = D S | +1 18
296.8 1.2 15 22.5 2 +1 -1 +1 -1 19
3449 0.4 30 22.5 6 -1 +1 +1 +1 20
338.2 0.4 30 12.5 2 -1+ -1 -1 21
319.1 0.4 15 12.5 2 -1 -1 -1 -1 22
286.8 0.8 22.5 26.1 4 0 0 +2 0 23
338 1.2 30 22.5 2 +1 +1 41 -1 24
285.1 0.8 22.5 17.5 4 0 0 0 25
286.8 0.8 22.5 17.5 4 26
365.5 1.2 30 22.5 6 +1 +1 41 +1 27
291.4 0.4 15 22.5 2 -1 -1+l -1 28
308.1 0.8 354 17.5 4 0o +2 0 0 29
338.2 0.8 22.5 8.9 4 0 0o -2 0 30
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Fig 1. Pareto chart of the standardized effects of independent variables on the mean diameter of nanocarriers

sl L (il Slueal  daums i) 48
L s gbeaber Gis sammslid) Sletane
J abanng Joo a5 oS o 9l (ot loiiSon
&35 S gune (Hoseini et al., 2024) el cobi mwly
o Js o fise s i 30 baosiladl g3
A a3 Giales 0 B =Y o3l Sl ain b,
PGS g il Ko |y Jloy Joged slaasdly
s e (RIS Joe sl sin » e
‘Lm&Lo)'y‘ <5|)?| PP RVREIWE S L oasloc8ls )‘és,o.s
dg, S (9 | (Sl b3 Jo plitel slalsss
Siloe ST Galeil ¥ p iz 2 b 55 sogme
5 S oo aml ] lallas gLl ol ¢ slas oS ol
Los gl (o205 Ol ks atile) (qumr 9 SI AT
2 SR b (o las—s el sladsle sjub b

Spnre o8 (V JK5) oxilendl sbo Joges Julos

Oguao gl gl by 6 kel slaJae (i Liel
Galozaiz e ) ol Sled Bl 1390 o0
on Sl leang g bl i ) i |,
5 Jailid oS Jogas gz coddal ) JSE S e
Jogei 5 el ox b3 Lo logls b sl (o
b g9, e s dmgn yeba LI a5« Jlo 5 Jloz>]
Gy odmolis a5 ol a8 |3 ax e cadl,
Loy sleosls 05 5 (owll Jloy @iy J osilaily
Sy ol CwlbbgpSelul » Sliies slas
aile blazd slaggesl Jlosl Gl byt
Cesloin ;e s slaosesl 5 by U]
» osiledl Joges .(Rezaei and Zebarjad, 2024)
5 olas SblS Susly cond s i polie e
Fegl¥ee BYO: g kbojl pl) a0 jome Jo> )ik
S aile andly Lol (oSl aigs o Jadd cams oo lis

YYv



YYV-Y0R o /VE€+0/ yluwsli g jloa /A* o lows [ YO Ao/ glie goluo owiipo Orliudod

Sl Jolo b a9 7S a3 5 J S g sl
Sy 2Bl hie 508 Shwkz olas bl
iS5 sedze Jobs ekl c g ey 05 8 ol
My due Ll e Wr Jee slmow
(839158)90) (swlibidn ) g San jlas L ols Jol>sil
Seiloow glas g 3 Js B ool Blgray (2Bl

S )N sy lageuly 0 gl

L Joges oz o 3 Ll cpgome p ailail s
ax D (Sgew Sy oo ol © Jailinl casis sla lae
2l oaiindgi sl Jolo il Jlad 18, Caogi 6l p |, pgo
s Jae &S co (e G)LJ sleadl ol oS
A el el o sleely p ol (1
5 Sl Slazel BB 53 s pdypren 5 Gadysmoin
Silwdinte @l pSotie (5L, lae ea Wlg o

Residual Plots for Diameter (nm)
Mormal Probability Plot Wersus Fits
m A -
w 3 . . . - h
= 3 * .
¥ @ T ¥ "; -:.
2 E AL . .
.2 -
L) *
1 e’ -4 -
50 23 oo 23 0 F2 o 0 k.
Reiied Lia Fimed Walae
Histogram Versus Order
4
]
:\' F
& &
3 1.
E 4
" -
2
L] B
-4 -2 a 2 4 2 4 & 3 WL 4EE W0 R M2 a0
Residia Clisdvation Deder

Bologili Jhd gt play (FawyS) Joo Bilondly (padudi (sl l3ged -V S
Fig 2. Diagnostic residual plots of the regression model for predicting nanocarrier’s diameter
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Fig 3. Box-Cox plot for determining the optimal power transformation to stabilize variance and improve regression
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Fig 4. Main effects plots of electrospinning process parameters on the mean diameter of nanocarriers
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Fig 5. Response surface and contour plots of the interactive effects of pump rate and tip-to-collector distance on
the mean diameter of nanocarriers
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Abstract

Electrospinning is one of the most suitable techniques to produce uniform polymeric nanocarriers for
encapsulating bioactive compounds. In this study, the electrospinning process parameters of poly (vinyl
alcohol) nanofibers loaded with red ginseng extract (Panax ginseng C.A. Meyer) were optimized using
response surface methodology based on a central composite design. The independent variables comprised
extract concentration (2 to 6% v/v), applied voltage (12.5 to 22.5 kV), feed flow rate (0.4 to 1.2 mL/h), and
tip-to-collector distance (15 to 30 cm). The physical properties of the electrospinning solutions and fiber
morphology were examined. The developed quadratic model showed an excellent fit with the experimental
data, as confirmed by statistical analysis (R? = 0.9977). The predicted best condition for the preparation of
uniform nanocarriers with a diameter of 260 nm was 3.5% extract concentration, 15 cm tip-to-collector
distance, 21.5 kV applied voltage, and 0.75 mL/h feed flow rate. At these conditions, the encapsulation
efficiency of the extract in nanofibers reached 78.4%, suggesting that this system could be very promising.
Inaddition, it was found that the extract altered the viscosity and electrical conductivity of the electrospinning
solutions, thus affecting the fiber diameter. These results confirmed that polyvinyl alcohol nanofibers could
be used as a platform for the controlled release of red ginseng bioactive compounds sensitive to various
processing conditions.

Keywords: Electrospinning, Red ginseng, Poly (vinyl alcohol) nanofibers, Encapsulation, Response surface
methodology
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  Encapsulation   efficiency    ( % ) =      C i −  C f   C i   × 100    

