VEr0 AT YT oy s AVA ol ) lis mlo s p sk dos

Ol e mlbo 5 psle alons A
o —

www.fsct.modares.ac.ir :dow Colw

‘;:A}}%_JJ& Jlas

(Quince seed) 4 4ils L39S g )dd 4L 3 ol g 59 A 35 50lS SUI 5L anlan
Bacillus coagulans s ;S 3D3 by Sl g5, <y Cydonia oblonga
v | e et 125 A e el Dl dirs
Ol 05318 ¢ ool 35T ol&sls 05,518 Als ¢l gl s pske oy ST
Ol el s e o oDl 35T ol &y s g aly ( olde o s e 05 S (65 g amtils =Y

Q]J'i‘ cQLijJu uL;aBL,a\ be e&i.‘:.: «dl&—v}ﬂ J.>U cu_:\.,\.c C:L.p B (:}i.@ a}ﬁ 6}2-..:@13—*'

Ol 05318 ¢ ool 13T ol&Sls 05,508 dls ¢ lde mlo s psle s S Al b8 ant gal zls-

oS e SN
M\)j)k:wy Qlﬁfo.l.&w)‘)f"g| ‘55”)_,:.«[5@\.:5\};\4 LSJL.NWJW": ul.&jj”.: ui\)) 4.“:0 6‘.& é)u

Obejor Slig s S RPO) o2, psom 85 0,50S 5 PVA) Sl s b

VECLANTY 1Bl gl
cile glacs w5l e 350 Bacillus coagulans K s, (s SG 3 D3 el

S5 Olssa RPC /8 5 PVA 8 Dl yo b (ol 0 gV g0 3 il sl 5 1] VERO/MYIA 155505 )b
MWETY o Sle s Loy 8 sl (ol oK Ol W5 4 o &5 Ad Ol age VERO/NY/ Y pdy B

Jﬂywduﬁrﬁﬁ)@j))gduxﬁ;ﬁ)FTIRth}AJ'T@l:J.H\i:Jfﬂ_,JU

B. coagulans D3 el g 45 Lsls gLiS 5.5 SEM L;LAQ)»)'T 2,8 .L;L Iy s jads oo S50 it
S ol Ol Gl gblS e Lol 55 GUI S el s eSS & ot (o3 2SI
oielay 031 5 g ZAY/ 5 LAV g 4 B. coagulans 5 Ds el 5 O e 5SSl 03 50 S 5
Dielas il UL (e 45 s 0L (PHL V/Y) e sdigilotnd Jaoms 3 o

S Il 3 &S el p i3 WA e s |y Jebcys LS 5 A3 1S 5 sk ‘D3t
G O3l mldd (6 S sl (gl Lol b 55 (6 SL Jlaodis (28l 5 (el s oy 55 i 4l 3 s
1740 5Dy el s 3HAA 5 i B eddad 5 UL oS sls 0L (510685 55, Yo b LA

Gols s S st3T gladi sad 53 S > 53 (s S Les |y B. coagulans o5 slad sk

. _ 10.48311/fsct.2026.119240.83056
)L'J>Lw L) ‘J“”l" c.\.lvm)j);g‘ 6LAQJJ¢L§}L .(.,\..4); 0 Ck.» ):) J;_:JS sdaline

Slr S s oy sl Olgen wilg o Vb bl 5 Shee 5 S5l Olb

..LZJ.; Dl eslanl sy5e noyls 5 plde @L’.,p S dscan; olS 5 liss,  sedigheh yazdanpanah@iau.ac.ir

e J i "

167


http://www.fsct.modares.ac.ir/

Q‘)&M E) ot..; Q‘Jﬁ @M

00 AN oste ) el gl (asdeee ILL
Rl DGl el s cnl oMLy GRIA e il 8
DN AT sl aals 5yl Ll s 1 OF ol
A Sl gl S8 63 a0 S s 5 0T 2 0sDle
Lyl i ply 53 VU cwglie W5 & Bacillus coagulans
RIS S NPV PR BIPC R RES M JERELRIE
5 ol Golsag 8L crl diles S s w0 )
S s s axdls SV ol A5 Ul e VB
Y gams arwy 5 o3y Sl sy (LBLL
Sldlas Y OY] 08 o Wl gl S5 ded sl b
LS 5 Gl s S GBUISE I 5 (55 2 gadaze
5 Sl wised Olgea ol old el Jlboo
Aol ol SO GlaaY W5 L (VYY) oS
o Ly he slpe B Wl 5 CpiS wmily (SIS
S5 LYV 0K 5 Slige opimman [VE] dias
ol KV L sl 3 B uly s 56,8 O350
Wy esSeds 5 Glas gl ol b UL
S Jo sba L Bl slag SL Al &S L S
sl SUI sl eslanal 500 o2 la s [V0] sl
g 53 1 A Sl 5 b OIS
b Jlbn s SLS 5 aldd 28 (hlay oL I
Slis ol 5 ag (YY) OLKas 5 5= diles S
U gl s ekl ey, ST G
Lo oefisn sl o b el sls plnil a5
S eslzal s HFIP M= 55 ast U1 L
Ol S s S 55 (o e o SUISU ¢ 55,
eslbFer B Yo e 53 GUISE i b oS sl
SUE 055 LSt Iy 5 b s danl 5 o
G5l Sl 5 s i 68U elde 3 (S &) s

I s Sl 5 VG
oo 3 el larllae 0 ST a5l (pl 355 L
@l gl lS s ua wl » Caiaels SUISL s
Bacillus (s ;SU 5 D3 el s Obojen Slhgsy sl

S st g caeplil el edid 55158 coagulans

168

dodle—)
pske laeim n el Sl N Olsea osldsl
sS85 Gl Gkl se » St Sy
a s Sl asls Hsls 5 e OLS S5 2
e i b SUISL 5 D356 O geen bl sil
S ol 5 e gl Ve w
LS 5 ead x2S by 5 8L Ol e sllas
5ol RIBh e 5 el pal 31 Jlboas s
Ola opl 53 DI logie LOT Gl et
S ks s esler (elylS gy Ol greay g 3,0 ST
Gldd L YL ol ) sulp s Ll 2w
il ol DS 5 Glag s 53 Gloss ollr f( on
le S8 5l 3 sla jeds Sl eslanal b iy opl .o
Sl s e BUIE dad, Sl s s
Ao dicas; olS 5 cbli- 4 B us o]y
LEA] s Jaes Lol 5 5 oyl 58 51 A0 g 5
osletl @ ey Gl cbadle
Sl SUISE anv s 5o b slads IS 5500

58 s~ (Cydonia oblonga) 4 &5 .ol ods b shass

B Sless

O O e e PR | GO Qo W S|
abe s o b s s el pldlas 5 oL sbas
C\Jsaﬂd\ [A V] s)ls Gles S 5,558 Lol 5 olds
5ok Rl G Olyea o Ll Sl ASIS 50
GOl sbsedasil 5 bokiasel 3 (sl S slacs
o o A SUISL I8 s Ll e 5 035 - ke
LoaslSooha opl oS5 0,8 L5 eslinal 54
oBan o AlS 5 S Jish O 2o e
e S S Sl e e e
by DS 5 ML 53 LS 5 58l

[4 AT 55 e
ddcans Clsy Slsns Sk o DS 2
S D3l sl gl Caenl el
ool s 5 Ol il S gl (o5 8 Slale s

LA:J)‘JP-)‘))..: J"‘J" BE YLa K:A“Mh’kv\-v} JJJ‘ULA‘ (sl



1800 3T VY 6,05 VA o, led

Qlﬂl L;l"lb Gw‘gf_y\&&bu

- ST oIl o) ST sl Lles doss %RSD
GUT ISl plp o3 Oldns]
S Jple 3 Al e o sl 48) Aald Ll AD
(A2l o DPPH Jsloes 51 2 Lis
Phewse 5l s Gla g (ol 45) el Ol A
(42 _s DPPH 4 BHT L « ls

S P (s goe S S o3I L-Y-Y-Y

G bl e &l Dlwse IS Jd DLS 5 Ol
(S0 SIE sl Ssbos 5 IS s ) eSS
Sl 3kl J s o shiie cpl (gl i s (LT
S0 Y0 00 (YO Y/0) il glackle [y UK
E RV BURUIN P WWIIN W O Jolows 53 (pl g VYO
— ke /0 0T W s s iz s A 4 1 e o)
WLl S g ol p S S 15 A3 Ve U hone 51 2
IV O NS e WRVE G PPV S
vie @ﬂdjb,; oy e Al ablsl sy V/0 b
Csad A3 Sl et il oaes b il
o lea by = do s N Jgle 55 (p S1) s
53 el o Olgs (Zalg 53 .28 S 13 Gnlesl 55
e JS b i 5 d w3ls 1 s luilind s gas
DT A ariloee SIS el Jslan p S 0 S s

4 &1 Dl go g9 S A S ) o Y-YY
o3binal ST SLasl J2s) 5l o Seeds Sl s (gl
s S 4 LB Kl eslinal b b el s
gl S s 031313 5l 3 s s e e )
s Sen Voo Slaslizal b e CES g oS o
plS o 51V CFUMI Ly i (gl sme mle oiS Jaoes
laSlys 123 8 al o &y g taleT 3 50 (slas 5L )
05t Jso S Laee 555 p ol DL Ll 5 s
s cele Y8 e s aslsl 3 5 0 S el 13 KT
Al Al gl $ sl S sl am s YV gles
Olpe 4 Sy s sledd |55 sladla las Lol

st‘)\)ﬂ‘)b A 4}'.9;}12_:‘)3 L;’}JK?‘M k;».:JL'.‘) u.d}-u

169

2032 gy 0 S sl 5 o el SUI G
Sl 5 SWsss 55 LOT LL e 5 43,5 w8

D18 sbsol 5,56 Bacillus coagulans 5 D3 -l

Z

I

Lau.i»‘” 9 3l g—Y

& 415 o go ) Fiul-T-

ol il sl okt e (sladils 1 e ot
CIpH i 6ol 4 glails 4 ST Y o) cos w3
W ("*Ja"; b e a4y Y /Y spn sl eslanal L
o bl dadils Sl Phwse ilultr ke 4 g
HD3200, ) ;505 sen O jen 5leslaal b colu 4 s
G s oa) o a4 akds jo 550 VOrr L (OWJT Berli
Skl s J5 s e glaals LS o5l e Dlse
Hettich-320R ) 5,i mle olSiws 04,5 badpas (a0l
a5 b by 45 5 aids Yo de 4 (OldT WUniversal
Osl O3 wldz ] pial s go A 03ls 13 51 S sl
00 los 5 5 cele ¥ e 4 (OLIT Memmert UNSS)
B1C JA Vel CPELV PV S TNURVITE L SO WP E ST
6)\-)-@.(3&5}&:;}6\2-)3QWOLAJUJMOJ‘J

L]

& 41> 3w sn eS| ST gla0 5a31-Y-Y

13T sl Hlge Ol 2l Y-Y-)

YOou Yer Yoo (Yoo Vo Nev 00) ke glaclale
Vool e 4 ails Plwge SlLS 5 51 Gl s 20 55,850
£ Jpbe 2l LoV 5 Ve e +/) DPPH I ) La
So o BBl gles Lo Ol B adds Y 5l de S
SO e 53 DPPH L 20 56 0V =50 J b 3 La sl
Schimadzu UV/Vis-240 ) e 45 Sl N Loy
[VA] 45 2313 (ol IPC

sl 5 Jga b 5l eslial 3T JISGsl, lee do s
A

%RSD= (A() — A/ A())>< 100



e °J"~j"y‘~i)}j:g‘ Jo)}:ﬁki &JL:M‘}JLJ axllas

O 5ol Ols 3y atds

LS 5l ealial b Jsloms 55 5N sy onl 2
5 e 03 28 Loyl 15 o ) Jadr 3 el aste
Yoo glos Jold Jasms Ll 505 S el alSas
& WIS Yo Y Sl el aais bl 5 5 ds s
Sy alols 5 colay md et /0—0/VY0 Jgloe 4 dss
B L N N e T
2l3a8S b malil 55 0l e s g il b 4 plas
Sl o E3L oad oAl S5 a3 gdome 53 e bl 5 A
35 4 405 i ge 5l pasiie polis dad s (g 5lueslel
5 IS s L TE e 38 o e O e e Y
o 0358l Jslone o 2 g (S8 5 0 0 LS 1
Jsls b 0 03308 Celw V0 Cdeas bae glos 3
Dol il lepSan g 253 Jolbs S
HD3200, ) (o 55k slas K gl Al ol Lo 5
S o 035 sl oslal Joen i Sl (OWJT Berlin
Full ) o 55,2800 ol 3l osliad b 5 iz s 2 oo
kS A clie 5Ws L (Ol ) Option Lab 2ESII-II
oS ez oy o 5 e Sl VY O g S ekl

.[YY ¢\‘Y] .Lv.LLng .L;.‘f du‘j—’b‘@b‘;‘)}; O

EE Y VRGN | P S PO e P -t W S M1 PP
b Sk s she ol O ol s
IY] L5 dalys

TBr oo s g 0 filsS gl Sl Y-Y

o IS g5 40 658 0855 i e p S V0
4 e O L1 sl 3 St 5 oddis 1S b @ s
Jsloee 5l eslinad bl b (555 555) ) 4)
VY aly gl pH QY50 V) 2lalo b s S 550
A esjes lases by jy Cole e 45 okl
0> Soke dy adds 3 53 00 5 Sady Bl 31, bl
das okl s =) By e PH LS 55 e i
sbile; VE & S IS Aol Sl oalial L1 (G4 5l )
‘uﬁ)ﬁalﬁgw.uozwubm}cgmgj
b K ke oL Kl 4 £ sles s oL, s
L1y o Y S gy L B A (61K
Loasl gy Gl o I bolse YL 51 255

[N ae s 5 aned ais Of

Jslons g 3 7SY -8

Table 1. Solution samples for electrospinning.

Treatment Seed mvtll/cvliage (% Polyvm}ii//a\};: ohol (% Protein concentrate (% w/v)
A 0.1 4 4
B 0.3 4 4
C 0.5 4 4
D 0.7 4 4
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Table 2- Encapsulated with nano-composite treatments containing mucilage Queen seed, vitamin D3 and
Bacillus coagulans

The amount of

Treatment  Bacillus coagulans Vitamin D3

Quince seed Polyvinyl alcohol

bacteria (%) ‘Elofciij‘vg; (% wiv) C‘Zf,fevl;;f;te
(%)
A 0.00 0.00 0.50 4.0 4.0
B 0.10 0.10 0.50 4.0 4.0
C 0.50 0.10 0.50 4.0 4.0
D 0.50 0.05 0.50 4.0 4.0
E 0.00 0.10 0.50 4.0 4.0
F 1.00 0.10 0.50 4.0 4.0

Microencapsulated nanocomposite treatments contained wheat germ mucilage, rice bran protein concentrate,
polyvinyl alcohol, and varying amounts of vitamin D3 and Bacillus coagulans bacteria. Treatment A was
considered a negative control without active agent, and treatments B to F contained varying amounts of vitamins
and probiotics.
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Table 3-Examination of DPPH radical inhibition evaluation of the mucilage of Queen seed

radical inhibition (%) Concentration (pug/mL)
22.1+£2.0° 50
34.8+2.4" 100
473+£2.7°¢ 150
58.6=3.0¢ 200
662+£2.6° 250
73.1+3.1°F 300
79.0+3.3 8 350

The results are presented as mean =+ standard deviation for each treatment, and all experiments were performed
in triplicate. Values with different capital letters are significantly different from each other at the 5% level.

Table 4- Examination of the total phenol of the mucilage of Queen seed

Total phenolic content

(mg GAE/g) Sample
29.6+1.52 mucilage of Queen seed
321+14° BHT (Standard)

The results are presented as mean =+ standard deviation for each treatment, and all experiments were performed
in triplicate. Values with different capital letters are significantly different from each other at the 5% level.
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Table 5 - Examination of the average diameter of the halo of non-growth (disc diffusion) of mucilage Queen
seed on Gram-positive and Gram-negative bacteria

Bacteria

Diameter of the growth inhibition zone

Positive control Negative control

(mm) (Antibiotic) (no sample)
Escherichia coli (Gram-positive) 16.8+£0.8° 22.5+£09° 0.0+0.0¢
Staphylococcus aureus 19.5+0.8"° 253+1.0° 0.0£0.0°

(Gram-negative)

The results are presented as mean + standard deviation for each treatment, and all experiments were performed
in triplicate. Values with different capital letters are significantly different from each other at the 5% level.
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Table 6 - Compositions and optimal conditions for nanocomposite electrospinning

Voltage  Needle-to- Injection Drum Average . Presence of .
fiber Fiber Final
Treatment treatment collector rate speed diameter  uniformit knots evaluation
(KV)  distance (cm) (mL/h)  (rpm) (nm) y (Beads)
A 12 9 0.125 300 540 £ 32 Low High Inappropriate
B 14 10 0.25 400 470+ 28  Moderate Moderate  Acceptable
C 16 12 0.25 500 390 £ 25 High Low Suitable
. Best
D 18 12 0.5 500 310+ 18  Very high  Very low conditions

The results are presented as mean + standard deviation for each treatment, and all experiments were performed in
triplicate. Values with different capital letters are significantly different from each other at the 5% level.
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Table 7- Average particle size and dispersion index (Span) of microencapsulated nanocomposites containing
mucilage from soybeans, vitamin D3, and Bacillus coagulans

Treatment

Particle size (nm)

Span

A

2854+6.2°
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Treatment Particle size (nm) Span
B 302.7+£8.5° 1.18+£0.04 ¢
C 3159+£9.1° 1.26+0.05°
D 341.6+74°? 1.34+£0.042
E 3292+£6.7%® 1.29+£0.03®
F 3583+10.2% 1.38+£0.062

The results are presented as mean + standard deviation for each treatment, and all experiments were performed
in triplicate. Values with different capital letters are significantly different from each other at the 5% level.
Treatment A (control): Microencapsulated nanocomposite containing 0.5% mucilage from soybeans, 4%
polyvinyl alcohol, and 4% rice bran protein concentrate without the addition of vitamin D3 and Bacillus
coagulans. Treatment B: Microencapsulated nanocomposite containing 0.5% mucilage from soybeans, 4%
polyvinyl alcohol, and 4% rice bran protein concentrate with 0.01% vitamin D3 and 0.1% Bacillus coagulans.
Treatment C: Microencapsulated nanocomposite containing 0.5% mucilage from soybeans, 4% polyvinyl
alcohol, and 4% rice bran protein concentrate with 0.01% vitamin D3 and 0.5% Bacillus coagulans bacteria.
Treatment D: Microencapsulated nanocomposite containing 0.5% mucilage from soybeans, 4% polyvinyl
alcohol, and 4% rice bran protein concentrate with 0.01% vitamin D3 and 1% Bacillus coagulans bacteria.
Treatment E: Microencapsulated nanocomposite containing 0.5% mucilage from grain, 4% polyvinyl alcohol
and 4% rice bran protein concentrate with 0.01% vitamin D3, no bacteria. Treatment F: Microencapsulated
nanocomposite containing 0.5% mucilage from grain, 4% polyvinyl alcohol and 4% rice bran protein
concentrate with 0.01% vitamin D3 and 2% Bacillus coagulans bacteria (high dose of bacteria).
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Table 8- Encapsulation efficiency results of containing mucilage Queen seed, vitamin D3 and
Bacillus coagulans

Treatment Vitamin Dymicroencapsulation efficiency Bacterial microencapsulation efficiency
(EE%) (Log CFU/mL)
A 0.00+0.00 ¢ 0.00+£0.00¢
B 78.54+2.14° 0.00+0.00¢
C 81.62+1.98 % 6.82+0.15°¢
D 84.37+225° 7.35+£0.21°
E 0.00+0.00 © 7.28+0.18°
F 79.43+2.41° 7.89+0.22°

The results are presented as mean + standard deviation for each treatment, and all experiments were performed
in triplicate. Values with different capital letters are significantly different from each other at the 5% level.
Treatment A (control): Microencapsulated nanocomposite containing 0.5% mucilage from soybeans, 4%
polyvinyl alcohol, and 4% rice bran protein concentrate without the addition of vitamin D3 and Bacillus
coagulans. Treatment B: Microencapsulated nanocomposite containing 0.5% mucilage from soybeans, 4%
polyvinyl alcohol, and 4% rice bran protein concentrate with 0.01% vitamin D3 and 0.1% Bacillus coagulans.
Treatment C: Microencapsulated nanocomposite containing 0.5% mucilage from soybeans, 4% polyvinyl
alcohol, and 4% rice bran protein concentrate with 0.01% vitamin D3 and 0.5% Bacillus coagulans bacteria.
Treatment D: Microencapsulated nanocomposite containing 0.5% mucilage from soybeans, 4% polyvinyl
alcohol, and 4% rice bran protein concentrate with 0.01% vitamin D3 and 1% Bacillus coagulans bacteria.
Treatment E: Microencapsulated nanocomposite containing 0.5% mucilage from grain, 4% polyvinyl alcohol
and 4% rice bran protein concentrate with 0.01% vitamin D3, no bacteria. Treatment F: Microencapsulated
nanocomposite containing 0.5% mucilage from grain, 4% polyvinyl alcohol and 4% rice bran protein
concentrate with 0.01% vitamin D3 and 2% Bacillus coagulans bacteria (high dose of bacteria).
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Table 9- Examination of the release of vitamin D3 in the stomach and intestines of a microcoated
nanocomposite containing mucilage Queen seed, vitamin D3 and Bacillus coagulans

Time (min) A B C D E F
0 0.0+0.0* 00+1.2? 00+1.2° 00+1.1° 00+13% 00+12°
30 0.0+00¢ 312+1.0° 376+12"% 435+1.3° 352+ 1.1°% 474+0.8°?
60 0.0+0.0¢ 51.0+13¢ 594+0.7°¢ 66.6+1.0" 56.3+1.2¢ 71.1+£1.0°
90 0.0+0.0° 63.7+1.24 722+1.0¢ 79.0+0.8° 68.9+09¢ 83.0+0.6%
120 0.0+0.0¢ 71.8+0.7¢ 79.6+09¢ 85.5+1.0" 76.6+1.4¢ 89.0+0.7%
180 0.0+0.0° 79.9+09¢ 872+12°¢ 92.0+1.0° 83.4+0.8 94.6+09°

The results are presented as mean + standard deviation for each treatment, and all experiments were performed in
triplicate. Values with different capital letters are significantly different from each other at the 5% level. Treatment
A (control): Microencapsulated nanocomposite containing 0.5% mucilage from soybeans, 4% polyvinyl alcohol,
and 4% rice bran protein concentrate without the addition of vitamin D3 and Bacillus coagulans. Treatment B:
Microencapsulated nanocomposite containing 0.5% mucilage from soybeans, 4% polyvinyl alcohol, and 4% rice
bran protein concentrate with 0.01% vitamin D3 and 0.1% Bacillus coagulans. Treatment C: Microencapsulated
nanocomposite containing 0.5% mucilage from soybeans, 4% polyvinyl alcohol, and 4% rice bran protein
concentrate with 0.01% vitamin D3 and 0.5% Bacillus coagulans bacteria. Treatment D: Microencapsulated
nanocomposite containing 0.5% mucilage from soybeans, 4% polyvinyl alcohol, and 4% rice bran protein
concentrate with 0.01% vitamin D3 and 1% Bacillus coagulans bacteria. Treatment E: Microencapsulated
nanocomposite containing 0.5% mucilage from grain, 4% polyvinyl alcohol and 4% rice bran protein concentrate
with 0.01% vitamin D3, no bacteria. Treatment F: Microencapsulated nanocomposite containing 0.5% mucilage
from grain, 4% polyvinyl alcohol and 4% rice bran protein concentrate with 0.01% vitamin D3 and 2% Bacillus
coagulans bacteria (high dose of bacteria).

Table 10-Release of Bacillus coagulans in the stomach

Time

(min) A B C D E F
0 0.0+0.0° 0.0+1.2°% 0.0+0.7% 0.0+1.2% 0.0+1.1% 00+1.2%
30 0.0+0.0¢ 282+ 1414 325+1.0 38.8+£0.8° 348+0.7°¢ 429+12°
60 0.0+0.0¢ 45.7+£0.94 51.5+0.8¢ 59.5+£13° 544+08°¢ 644+1.0%
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Time
(min)
90 0.0+0.0° 56.5+0.9¢ 626+1.1°¢ 70.5+£1.2° 655+£06°¢ 751+1.1¢%
120 0.0+0.0° 632+1.04 69.0£09¢ 76.3+£0.9° 71.8+1.2°¢ 80.6+0.7%
180 0.0+0.0°¢ 71.4+1.14 77.3+£1.2°¢ 83.0+1.0° 792+1.1°¢ 86.0+0.9%

The results are presented as mean + standard deviation for each treatment, and all experiments were performed in
triplicate. Values with different capital letters are significantly different from each other at the 5% level. Treatment
A (control): Microencapsulated nanocomposite containing 0.5% mucilage from soybeans, 4% polyvinyl alcohol,
and 4% rice bran protein concentrate without the addition of vitamin D3 and Bacillus coagulans. Treatment B:
Microencapsulated nanocomposite containing 0.5% mucilage from soybeans, 4% polyvinyl alcohol, and 4% rice
bran protein concentrate with 0.01% vitamin D3 and 0.1% Bacillus coagulans. Treatment C: Microencapsulated
nanocomposite containing 0.5% mucilage from soybeans, 4% polyvinyl alcohol, and 4% rice bran protein
concentrate with 0.01% vitamin D3 and 0.5% Bacillus coagulans bacteria. Treatment D: Microencapsulated
nanocomposite containing 0.5% mucilage from soybeans, 4% polyvinyl alcohol, and 4% rice bran protein
concentrate with 0.01% vitamin D3 and 1% Bacillus coagulans bacteria. Treatment E: Microencapsulated
nanocomposite containing 0.5% mucilage from grain, 4% polyvinyl alcohol and 4% rice bran protein concentrate
with 0.01% vitamin D3, no bacteria. Treatment F: Microencapsulated nanocomposite containing 0.5% mucilage
from grain, 4% polyvinyl alcohol and 4% rice bran protein concentrate with 0.01% vitamin D3 and 2% Bacillus
coagulans bacteria (high dose of bacteria).
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In this study was to develop and optimize electrospun composite nanofibers
based on quince seed mucilage, polyvinyl alcohol (PVA), and rice bran
protein concentrate (RPC) for the simultancous microencapsulation of
vitamin D3 and the probiotic bacterium Bacillus coagulans. After
investigating different component ratios and processing conditions, a
formulation containing 4% mucilage, 4% PV A, and 4% RPC was selected as
the optimal composition, resulting in uniform, bead-free nanofibers with an
average diameter of 310 + 18 nm. FTIR analysis confirmed the presence of
hydrogen bonding and effective intermolecular interactions among the
polymers. SEM observations indicated that vitamin D3 and B. coagulans
were uniformly distributed within the nanofibrous structure.
Microencapsulation efficiency results showed encapsulation yields of 87.6%
for vitamin D3 and 92.3% for B. coagulans. Release studies under simulated
gastric conditions (pH 2.1) demonstrated that the nanofibrous system
provided a gradual and controlled release of the bioactive compounds over
180 minutes, while effectively preventing vitamin degradation and reducing
bacterial viability loss under acidic conditions. Stability tests conducted over
20 days the produced nanofibers retained more than 80% of vitamin D3 and
90% of viable B. coagulans cells, whereas a significant reduction was
observed in the free forms (p < 0.05). Overall, the developed electrospun
nanocomposites, with their stable structure, biocompatibility, and high
protective performance, show strong potential as novel and efficient carriers
for the microencapsulation of bioactive compounds in food and
pharmaceutical applications.
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