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Figurel. Extraction of grape leaf polyphenolic extract
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Tablel. Experimental groups and treatments

Group The number of Rates Description of treatment received
Control Group 5 Stirred yogurt without any additives
First treatment 5 Stirred yogurt + Unencapsulated Vitis vinifera L. leaves, (VLE)
Second treatment 5 Stirred Yogurt + Phytoniosomal VLE20%
Negative Control 5 only food and water without yogurt
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Figure2. Phenolic content and antioxidant activity of VLE. Different letters denote significant differences (p<0.05).
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Figure3.Amount of phenolic compounds and percentage of free radical inhibition of nanocarriers and phyto-niosomes at
different concentrations. Same letters indicate no significant difference at the confidence level of 5%.

Js s eslas Ol 23, YL L das e OLES oS ol 4y
sbes s .Lﬁﬁ)ﬁ&‘)Sur)‘jﬁ)J&\}bul‘)l{ﬁb_é\
Al los 4 s D3 031 il ool § sl a5 4
Gl Cr e 5wl los a5 ol 0T Wy gs 5 ol 1S
.sljf,:sjl,.u a3 30 gl s PR LAC)\})?;RM
doys 25 CllE Lopgisisd 5o ol el RS

Qb) LS)‘JJ"liLi E) e)’Uu" w\f‘ oS )_3.&& sdalie o)l..,ac

125

C)bb o)'lel u—:iJL:‘ 9 J,Lzﬁ O_})J L;:th Loy —3-2

e sz SVLE
CJ\)J o)'lel ‘35)§L;" oML.f;AS )4 L}iﬁi)b 45)}14.»“
190 « sl 120 550> 3 Lg)\.\.@_fd adsl gles o

ol 3l eslas Aoy 25 clle L s 5md 53 Sl



oS S eslas p g5 st OV e

OLen 5 (S g rwsdde Lal

Sl Fals 5 JsSse S o bl el s 2l 58
3 O3 pemt b plool 4 e 5 ol Lap g5 5 sid slis
o3Il C°30 los L3 w3 pi o0 LOT o3l s S 55
s e 0L (g ri a5l e slas Aoy Il L el
5 C°304 C4

Cla e Ll 5l 28 20 15¢}j}g}:¢é

J\ Lo j‘::*: \.; a)s a)‘.b‘ jﬁ“

Ll s 5 e, 20 U 10 glaclale syl JLs w1,
psdss Hlesls OLE 15 (g e ML (IS il
AL Lie Sl esle S23L s 4 ojlas L3
it Wb gles 55 725 chle b opsssignd 5 o)l
£ 725 Ll bpysssd pmmen )l ) ple SRl
Syoml HLaE lsal 5 Jlad osle b gt Y gt Lo
e sl o lardpnd OS5 el 5 0350 s
sl sl po ol GOILEYL glos jo 5 5d o lxle

sl 3 5o s D3 o311 s by bl dan o

250
a
2200 & b -
A = >
= d I
7 =
21\0 e I
F -
=4 i |
Z100
0 -
Enpty sicsomie Muytorddacene 10 Py iedosome! | Prytetivemeld P titoiemne) §

Figure 4. Average Particle Size (nm). Same letters indicate no significant difference at the confidence level of 5%.
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Figure5.Average particle size (nm) at different storage temperatures. Same letters indicate no significant difference at the
confidence level of 5%.
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Figure6.Nano-Encapsulation efficiency (%) of phytoniosomes at different concentrations, Same letters indicate no
significant difference at the confidence level of 5%.
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Figure7. Comparison of Zeta Potential of Empty Niosome and Phytoniosomes with Different Concetration. Different letters
denote significant difference at the confidence level of 5%.
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Treatment TPC DPPH pH TA Syneresis( color  smell taste texture Overall
(%) (lacticacid%) %)

blank 0.39+0.1 46+14.7 3.69+  0.49+0.09 12.75+1. 5+0. 4.9+0 4.9+0. 4.9+0.5 4.9+03
9 3 0.16 71 5 .24 28 9

extract (10%)  0.54+0.1 68+13.3  4.1+0. 0.59+0.07 15.33+1. 48+ 4.6+0 4.8+0. 4.8+0.6 4903
7 5 17 73 0.7 21 3

extract (15%) 0.71+0.1 75€14.1 415+ 0.59+0.09 16.53+1. 43+ 4.7+0 4.5£0. 4405 4.7£0.28
9 0.16 69 0.7 27 25 7

extract (20%)  0.89+0.1 91+14.3 397+  0.61+£0.07 17.43+1. 3.6 4.7+0 4.5+0. 4+0.55  4.3+£0.28
9 2 0.16 73 051 .24 22

Extract 098 + 9413 4.07+  0.73£0.07 15.93+1. 3.6 4.1x0 4.3+40. 3.4+0.5 4.1+0.25

(25%) 022 0.16 75 0.7 23 25 5

nanoparticle 0.55+0.1 63+13.3 4.09+  0.43+0.08 16.32+1. 48+ 4.7+0 4.7%0. 4.5+0.5 4.6+0.27

loaded (10%) 8 3 0.17 74 0.9 21 3 3

nanoparticle 0.69+0.1 70+14 425+  0.56%0.08 17.33+£1. 4.5+ 43+0 4.5+0. 4.5+0.5 4.2+0.3

loaded (15%) 7 0.17 65 0.7 27 27 9

nanoparticle 0.78+0.2 79+14.1 424+  0.48+0.09 16.11+£1.6 4.3+ 4.5+0 4.240. 4+0.57 4.3+0.3

loaded (20%) 1 0.15 9 0.73 .23 27

nanoparticle 0.86+0.2 82+0.13 4.03+  0.5+£0.09 18.91+1. 4.1+ 440 4403 3.240.6  3.9+0.28

loaded (25%) 0.16 74 0.53 .21

Table4.Comparison of Physicochemical and Sensory Parameters of Stirred Yogurt Samples under Various
Treatments during the 21-day Storage.
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Table5.Mean Food Intake + Standard Deviation in Different Experimental Groups

Group

Mean pellete Food Intake by Wistar rats = SD (g/day)

Control (Stirred Yogurt).1

Stirred Yogurt + 2

Unencapsulated VLE
.3Stirred Yogurt + Phytoniosomal
VLE20%

185+ 1.1
0.9+15.5

13.3+£0.8

Table 6.Mean Body Weight Loss + SD (g/week) in Experimental Groups

Group

Mean Body Weight Loss in Wistar rates + SD(g/week)

Control (Stirred Yogurt).1
Stirred Yogurt + Unencapsulated .2
VLE Extract

.3Stirred Yogurt + Phytoniosomal
VLE20%
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Microencapsulation technology is a novel approach to enhancing
bacterial resistance against environmental, chemical, and
gastrointestinal stresses. In this study, milk protein concentrate (MPC)
was used as a wall material due to its strong biological and protective
properties. The aim was to evaluate the effect of this material,
combined with transglutaminase enzyme, on the survival of
Lactobacillus thamnosus in the acidic environment of orange juice.
Four samples were prepared: S1 (plain orange juice), S2 (protein +
bacteria), S3 (protein + bacteria + enzyme), and S4 (protein +
enzyme). During storage, samples were analysed for bacterial
viability, antioxidant activity, pH, titratable acidity, vitamin C,
reducing sugar, total phenolic content, color, FTIR spectra, and
molecular weight. The results showed that sample S3 exhibited the
best performance with a viability of 5.5x107 CFU/mL, antioxidant
activity of 68.5%, and acidity of 4.4%, along with a pH of 3.6. In
contrast, sample S4 showed the lowest viability (3.8x107 CFU/mL)
and vitamin C content (32.3 mg/L). Sample S2 had the highest total
phenolic content (14.7 mg GAE/mL) and the lowest reducing sugar
(9.07 mg/mL). During storage, vitamin C, reducing sugars, and
phenolics decreased, whereas acidity and antioxidant activity
increased. Samples containing bacteria showed higher vitamin C and
acidity, while those with the enzyme exhibited higher reducing sugar
content. FTIR analysis confirmed the presence of carbonyl, methyl,
and amine functional groups. Sample S2 showed decreased molecular
weight and increased solubility, indicating effective interactions
between bacteria and protein.
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