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ABSTRACT
Background: Kefir as a probiotic product, in addition to its special
taste and aroma, has a biodegradable polymer called kefiran, which
has attracted the attention of researchers in recent years. Nanofibers
containing silver nanoparticles and kefir postbiotic microflora have
suitable properties for use in active packaging.
Aims: For this purpose, kefir obtained from fermentation of kefir
grains was used as electrospinning base for production of active
nanofibers.
Methods: Kefir postbiotic with constant concentration and silver
nanoparticles in three concentrations of 1, 2.5 and 4% of kefir weight
were added and the physicochemical and antimicrobial/antioxidant
properties of nanofibers were analysed.
Results: The results of the FTIR test proved the physical connection
and the lack of chemical bonding between silver nanoparticles and
nanofibers. Good and uniform surface morphology was observed in
kefir nanofibers in SEM test, but silver nanoparticles were observed in
aggregated form. The XRD test showed no effect of nanosilver on the
structure of kefiran nanofibers, but in the DSC test, the weakening of
the thermal properties of kefiran nanofibers was reported with an
increase in the concentration of nanosilver. The control nanofibers of
kefirs that had only postbiotics also had antioxidant and antimicrobial
properties, but these functional properties were enhanced by increasing
the concentration of silver nanoparticles, and nanofibers containing
4% nanosilver showed the best antimicrobial and antioxidant
properties.
Conclusions: In general, the results of this study showed that kefir
nanofibers containing postbiotic kefir and silver nanoparticles have
favorable physical and functional characteristics and can be used as
active food packaging and can be used for the purposes of increasing
the shelf life of food and preventing microbial and oxidative spoilage.
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Extended Abstract

Introduction: Kefir is a dairy that contains
lactic acid, carbon dioxide, and other volatile
aromatics traditionally produced by the
by the microbial flora of this grain, and
exopolysaccharide called kefiran is one of
them. Radhouani et al. (2018)

Postbiotic is distinguished by having a product
with the same functionality as probiotics,
without side effects. Postbiotic kefir is kefir
that offers potentially beneficial effects on
food sensitivity from the gut microbiome to the
immune system. In this context, it is essential
to know the main component promoting this
functional effect. This review examines the
benefits that kefir, and especially its postbiotic,
Kefiran can bring health and food allergies.
Also, the use of kefir as an alternative
treatment in food allergies. Kefir/Kefir by
stimulating the growth of beneficial bacteria,
lactobacillus and  bifidobacterium, and
inhibiting the proliferation of pathogenic
bacteria in the intestinal tract, maintaining the
integrity of the intestinal barrier, reducing
exposure to allergens and anti-allergens.
Modulates the intestinal microbiota

showed that kefir is a suitable material for use
in the field of biomaterials production, film
and tissue formation .The most prominent
biodegradable biopolymers used in food
packaging from the group of biopolymers
produced by microorganisms are bacterial
cellulose and kefir (Rhim et al., 2013 and
Sabatino et al., 2020). Kefiran is able to
produce transparent films with relatively good
mechanical  resistance.  Recently, the
antimicrobial effect of postbiotics has attracted
the attention of researchers. Postbiotics are
actually a byproduct of the fermentation
process done by probiotics (Moradi et al.,
2019). Silver nanoparticle is one of the
nanomaterials that has been mentioned in
many studies for its antimicrobial effect as
well as the effect of improving the mechanical
and barrier properties of biodegradable films
(Ajitha et al., 2021; Blosi et al., 2021; Li et al.,
2023). One of the new methods in the
production of biopolymer films that has
recently attracted the attention of researchers is

activity of kefir dunkers (Gaware et al., 2011).
One of the constituent components of kefir
grain are mucoid substances that are produced

the electrospinning method. Electrospinning is
a process in which continuous polymer fibers
with diameters in the sub-micrometer range are
produced through the action of a high-voltage
electric field applied to a solution

Material and methods: To cultivate kefir
seeds, kefir grains were first cultured in fresh
cow's milk for activation and growth and milk
was replaced every 24 hours.In order to
increase the activation speed, greenhouse was
used at a temperature of 27°C. To extract
kefiran from kefir grains, kefir grains were
mixed with distilled water at a ratio of 1:10 at
a temperature of 81°C for 30 minutes and then
the resulting mixture was centrifuged at
10000xg in temperature of 20°C for 20
minutes 10000xg. Then, the kefir supernatant
was centrifuged using 96% cold ethanol at a
ratio of 1:1 using a refrigerated centrifuge at a
speed of 10,000 g at a temperature of 4°C for
20 minutes, and the precipitates from the
centrifuge were centrifuged at a ratio of 1.5
with distilled water. It was mixed at a
temperature of 80°C. This washing step was
repeated twice until a white precipitate was
obtained. Next, kefir drying was done using a
fan oven for 24 hours at a temperature of 60°C.
At this stage, the weight of kefir reached less
than a quarter of the initial value and a white,
fragile solid was obtained and it was kept in the
refrigerator until use.

In order to extract the postbiotic extract, first,
5 g of kefir seeds were inoculated in the milk
culture medium and placed in a greenhouse at
35°C for 48 hours. Then the culture medium
was centrifuged and the supernatant was
filtered with a needle filter. In this study, a
concentration of 4% kefir was used to produce
electrospun nanofibers. In this way, 0.04 g of
kefir was added to 10 ml of postbiotic extract
and electrospuned (Ethnaashri et al. 2024). To
prepare the next treatments, three levels of
silver nanoparticles (1, 2.5, and 4% by weight
of kefir) were added to the previous solution
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and treated with an ultrasonic probe for 5
minutes (40 kHz, 100W).

The biopolymer solution was loaded in a
plastic syringe equipped with a needle. The
electrospun nanofibers were collected on an
aluminum foil wrapped on a rotating collector.
The conditions of the electrospinning process
were voltage of 17 kV with an injection rate of
0.5 ml/h and the distance between the needle
and the collector was 150 mm (Ethnaashri et
al. 2014). The produced nanofibers were
immediately used for subsequent tests.Also, in
order to study the properties of the nanofibers,
FTIR, XRD, DSC and SEM analysis were
performed and the contact angle, antioxidant
activity and antimicrobial activity of them
were studied.

Results and discussion: This research was
designed and implemented with the aim of
developing an active electrospun nanofiber
substrate for use in food preservation. Kefiran
nanofibers containing kefir postbiotics in
constant concentration and silver nanoparticles
in different concentrations were prepared and
their structural, morphological and functional
properties were evaluated. Comparison of
FTIR spectra of nanofibers containing
nanosilver shows that the addition of
nanoparticles had no effect on the chemical
structure of nanofibers. Due to the small
amount of nanosilver in the formulation of
nanofibers, the peak related to the
nanoparticles itself was not observed. The lack
of change in the spectrum of kefir chemical
groups due to the addition of nanosilver means
that the nanoparticles are physically bound in
the polymer network of kefir nanofibers. SEM
images show tha nanofibers had a uniform
cylindrical shape with a smooth surface and no
knots. The average diameter of kefiran
nanofibers without nanosilver was about 245
nm. Also, by increasing the concentration of
silver nanoparticles to 2.5%, the size of
nanoparticle clusters on the surface of
nanofibers increased and the average diameter
of kefir nanofibers decreased to 205 nm. XRD
analisys of kefiran nanofibers showed a sharp
peak at the angle of 20=44.5°. The results
indicate the semi-crystalline nature of kefir

nanofibers. With the increase of silver
nanoparticles, there is no change in the
intensity and location of the main peak at the
angle of 44.5°, but a new peak is created at the
angle of 20 = 1.38° and the highest intensity is
observed in the sample containing 4%
nanosilver. The control nanofibers of kefir
containing postbiotics showed three ranges of
changes in the DSC test. The main melting
peak of this nanofiber was observed at 73°C.
By adding silver nanoparticles, the thermal
properties of kefir nanofibers were weakened.
The results show that silver nanoparticles
affected the thermal properties of kefir and
reduced its resistance to temperature. The
contact angle of nanofibers by adding of silver
nanoparticles at a concentration of 1%, shwed
no significant change (p>0.05). But when the
amount of silver nanoparticles reached 2.5%
and 4%, the contact angle decreased
significantly (p<0.05) and in fact the
hydrophilic property of nanofibers increased.
The antibacterial activity of electrospun kefir
nanofibers  containing  postbiotics  and
nanosilver was investigated against E. coli and
S. aureus. By increasing the amount of silver
nanoparticles, the antimicrobial property
increased and the sample containing 4%
nanosilver showed the highest antibacterial
activity against both bacteria. In this research,
kefir nanofibers containing postbiotic showed
an antioxidant activity of 5.65%, which is due
to the low amount of postbiotic in the
nanofiber formulation. By increasing the
concentration of silver nanoparticles, the
antioxidant activity increased significantly,
and the highest inhibitory activity was
observed at a concentration of 4% with a
power of 59.21%.

Conclusion: The results of the FTIR test
proved the physical connection and the lack of
chemical bonding between silver nanoparticles
and nanofibers. Good and uniform surface
morphology was observed in kefir nanofibers
in SEM test, but silver nanoparticles were
observed in aggregated form. The XRD test
showed no effect of nanosilver on the structure
of kefiran nanofibers, but in the DSC test, the
weakening of the thermal properties of kefiran
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nanofibers was reported with an increase in the
concentration of nanosilver. The control
nanofibers of kefirs that had only postbiotics
also had antioxidant and antimicrobial
properties, but these functional properties were
enhanced by increasing the concentration of
silver nanoparticles, and nanofibers containing
4% nanosilver showed the best antimicrobial
and antioxidant properties. In general, the
results of this study showed that kefir
nanofibers containing postbiotic kefir and
silver nanoparticles have favorable physical
and functional characteristics and can be used
as active food packaging and can be used for
the purposes of increasing the shelf life of food
and preventing microbial and oxidative
spoilage.
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Figure 1- FTIR spectra of kefiran/postbiotic nanofibers and nanofibers containing different concentrations of

silver nanoparticles
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Figure 3- XRD diffraction patterns of kefiran/postbiotic nanofibers containing silver nanoparticles in different

concentrations

Omed 5 OLlS osb  Ad8 AGlE s s S 5
S S0 T )l Sl st 3 SUISL 2 Ll
O3l 035381 L oS Conl jasiie b IS8 @ g Ll
53 S el Ol SUISE Sl Do s o
b edgdme ol Koo, Oldel Ay )kl
°C Lghajzp.sgjbe:),\mglaﬁf&ﬁjﬁf&ﬁ
Sy w06l oy Vo chle s s Ll 50 YA
R e I L I S I e
IR NG MU WRCTE &P W S N E
b D 4 dS L 0,8 O3l aS das e OLES
JLail 55 oot Lol bl fuate Ol S SUISL o
Las 13 5 cou 1 0SSl Sls gat ol 3
ook e s 5008 S 1y L 4 OF caglis
S S S 3 3550 53 (I Ol b1 e s

Q_BL:.“‘).;L» J.aLw uﬁl)} 6});31.0]5.; C)bb‘yb J.?l Cf U"‘

(DSC) hdlis (2035 5500 IS b 5l ol 5T
Lol i o kiS s edbisn 5 el K SLL Sl
Sl ool el il glas )8 gl O 5 eslized
S 238 515 sl 2550 DSC LT L 0l s UL
SUISE s e 0L 1) 01 S GUIEL DSC ol S5 5 8
03 Ot o3 gdeme e Ssn G (Sl O, Al
oz 53 BUISL ol ol osd S als 3Lis DSC 0 4o 5
2 pl S5 s 0 S i s S sdalie VFC
e e I ol b sdaline YUY °C 5 VYA lales
6 oS LE edalis VY °C s 0l,uS SUIGL 5ol >~ s,
sy by Ol Jise Jltle i 5 O o
L 0luiS GUISE Csd glos (YeY)) 0K 5 v )
wlie mls K05 cpdives 4l 53 L3 S 3,15 VYA °C
L35 03,51 Sy A °C BV oy a3 glos 5 i ol
S YN O 5 oled 5 YOIA O 5 Sesly)
g5 4 s Ol wsls opl (Yo OLKes 5 s



VY Jlo /Y 0)les YF uls / glie mlio gbo yighy a i

Oh&ed g y0 Fus VFA

ﬁ@‘;@ﬁ&}ﬂ‘dﬁj&@béﬁﬂ)}ﬁ‘
(Y'Y\ Q‘JKAAJL;W}.L) g:,..d‘ o ULJ‘J?

= Kefiran
m— Kefiran-Ag1%
Kefiran-Ag2.5%

= Kefiran-Ag4%

«——— Endothermal heat flow

— T T T T
200 250

Temperature ( )
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Figure 5- Water contact angle for kefiran/postbiotic nanofibers containing different concentrations of silver

nanoparticles

Different letters indicate a significant difference at the 5% level (p<0.05)
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Figure 6- Antimicrobial properties of
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Kefiran nanofibers containing 4% nanosilver

eS| ST ol
Ly DPPH 531 cldsl, Suus les ol Ol

Wl il peomen 5 T Slost 51 ol (U5

b AL sl L

Gl Ol sl 5 S GUI S L SL s ol
5 (G p,5) L8 Jlis 53 0,850 5 S Sy
23S O3 o3 5n (Stn 0,5) e slsl a5 55 skl
Sl b ol 6 gl 03 53 o edalin N S22 45 £ 500es
S e A s edee & LSS s 3 (Ss5L s
GRS 2Ll ds Sl ke 5 e 0 S 6 Sl
Cgad 33 g Serdes Clad 5)ls s (Glak pad 4
S sty SLS 5l 4 bgy e dals 01,8 SUISL
ooy Sl JB Sldlas s 6T o Ssds i1 &S ool
S8l Ol il LYY oL 5 ole) ool
Loy b Galm dged 5 Ad iy o5 Seds Sl 0,8
G2 Rln o3 b Sh s S o 2t 6 5L
A ek 1Y 5 el Y SO0 s S0l
Lo 3l sl 0L e 5 e 2 S (58U sl
A5 Gwmer 5 s DNA s s Jsho sl o 55
LBl ,Se S e sl 0l b S50S] slas S
Y 0L 5 0L) W g

3l s Kl sy p et Dlllae j3 ameS
(T LK 5 ) Sl oy SU 4 50 08
Coes 55l 0L, O SL oS 55 0L Laasly ol IS shay
Lol daes o5 Seds Sl gl oled & S



VY Jlo /Y 0)les YF uls / glie mlio gbo yighy a i

OSen g 0 el VO

—o—CT in BSG:SPI CT in BSG
o 5
o
=
§ ~—~
.38
==
% o
=]
S 1
= 9 5 10 . 15 20 25
Storage time (day)
10 ——CT in BSG:SPI CT in BSG
(=2}
=
G
=8
o
=
<
36
O
3
4
0 5 10 15 20 25
Storage time(day)
- 0
g
& 601 2
z
E 50 1 b
1]
£
éﬁ 4
I
; 30
1
= 20
g ¢
E N : '
8, M . . ‘
Kefiran Kefiran-Agl% Kefiran-Ag2.5% Kefiran-Agd%
Samples
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