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Abstract
This study investigated the effects of levan on various parameters in laying hens, such as:
performance, egg quality, intestinal microflora formation, intestinal histomorphometry, mor-
phometry and the composition of specific immune cells in the lymphoid organs, and the
formation of blood lymphocyte and monocyte populations. A total of 120 laying hens of
the Lohmann Brown line were randomly divided into five experimental groups, each group
consisted of eight replications, and each replication consisted of three birds. Group C was
the control group and received the basal diet with no levan supplement. The experimental
groups received a basal diet supplemented with 0.1% (L0.1), 0.25% (L0.25), 0.5% (L0.5) or 1%
(L1) levan. Levan, especially in a concentration of 0.5%, had a positive effect on egg produc-
tion (EP) (P<0.05). At low doses (0.1%), levan significantly (P<0.05) improved egg breaking
strength. Additionally, a significant effect (P<0.05) was observed in the increase in Lactoba-
cillus spp. and the decrease in Enterobacteriaceae in the jejunum, as well as the increase in
Bifidobacterium spp. in the cecum. Exploratory 16S rRNA-based profiling of pooled samples
suggested shifts in bacterial community composition. Levan significantly (P<0.05) reduced
the surface area of the villi in the ileum, and the length of the intestinal villi in the jejunum
and ileum. Furthermore, an increase (P<0.05) in crypt depth and a decrease (P>0.05) in the
ratio of the villus length to the depth of the crypts in the duodenum were observed. It can
also be concluded that levan has a mild immunosuppressive effect. Levan had a positive
effect on the performance of the birds. At low doses, levan had a positive effect on several
egg quality parameters. The use of levan promoted the development of the gastrointestinal
microflora. Levan, its fermentation products, as well as changes in the composition of the
microflora of the digestive tract of laying hens may have some immunosuppressive effects.
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Fructans are nonstructural carbohydrates
that differ in molecular structure and mo-
lecular weight and are naturally produced
by plants and some microorganisms (Zhao
et al., 2013). In plants, fructans are carbohy-
drate-storing polymers that can increase re-
sistance to cold and drought and are found
in large amounts in roots and bulbs (Vijn and
Smeekens, 1999; Versluys et al., 2018). In
the case of microorganisms, fructans protect
their cells from drying, help form biofilms and
can be used as a carbon source (Versluys
et al., 2018). These compounds can be di-
vided into 3 main groups: inulin-type fructans,
levan-type fructans and branched-chain
fructans. Inulin-type fructans mainly contain
a B-2,1 fructosyl-fructose bond, levan-type
fructans mainly contain a p-2,6 fructosyl-
fructose bond, and branched-chain fructans
contain significant amounts of both 3-2,1 and
B-2,6 fructosyl-fructose bonds. Despite the
many interesting properties of fructans, the
most important from the nutritional point of
view seems to be the fact that they are not
hydrolyzed by digestive enzymes. The prod-
uct of their partial fermentation carried out
by Lactobacillus and Bifidobacterium spp. in
the cecum (CEC) are short-chain fatty acids
(SCFA). These acids, in turn, not only provide
energy for the host, but also stimulate the
growth and activity of probiotic bacteria and
inhibit the growth and development of patho-
gens (Zhao et al., 2013; Franko-Robles and
Lopez, 2015; Madej and Bednarczyk, 2016;
Ma et al., 2017; You et al., 2022). Moreover,
levan-type fructans have a number of other
properties, such as hypocholesterolemic ef-
fects (Yamamoto et al., 1999), the ability to
bind metal ions (Ohta et al., 1993), the abil-
ity to prevent constipation (Roberfroid et al.,
1993), and anticancer and immunomodula-
tory effects (Calazans et al., 1997).

Despite these promising characteris-
tics, there is still a scarcity of research on
the use of levan as a dietary supplement
in poultry. To the best of our knowledge,
unlike inulin-type fructans, levan-type
fructans have been used only once in poul-

try nutrition by Zhao et al. (2013) who stud-
ied the use of levan in broiler chickens. The
combined effects of levan on production
traits, egg quality, intestinal histomorpho-
metry, immune-related organ morphology,
and gut microbial ecology in broiler chick-
ens are rarely comprehensively examined,
as existing studies frequently concentrate
on selected physiological parameters or
growth performance outcomes (Ashfaq et
al., 2020; Zhao et al., 2013). Moreover, the
prospective dose-dependent responses to
levan supplementation have not been com-
pletely elucidated, particularly in commer-
cial broiler chicken genotypes under practi-
cal production conditions.

In general, the effects of different feed-
ing strategies on the performance of laying
hens can be easily determined on the basis
of physical characteristics such as egg pro-
duction (EP), feed intake (FI), and the feed
conversion ratio (FCR). However, in the case
of commercial poultry farming, the impact of
nutrition on the immunological competences
underlying production traits is difficult to as-
sess. Therefore, it is necessary to conduct
laboratory research that will lead to a bet-
ter understanding of the immunomodulatory
properties of feed additives, especially in light
of the need for alternatives to antibiotics.

The aim of this study was to determine
the effects of levan on the performance of
birds and egg quality, the microbiological
composition of the digestive tract, intestinal
histomorphometry, and immune responses.

Material and methods

Ethical approval

The nutritional experiment involving laying
hens was approved by the Local Ethical Com-
mittee for Animal Experiments in Wroctaw
(No 031/2022/P3, 16 November 2022).

Animals, diets and housing
The research was carried out at the Re-
search and Education Station in Swojczyce,
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Poland (Wroctaw University of Environmen-
tal and Life Sciences). A total of 120 laying
hens of the Lohmann Brown line (26 wk of
life) were used in the experiment. The hens
were kept in a cage system under con-
trolled microclimate conditions, which were
in accordance with the line breeder recom-
mendations (Lohmann, 2020). The birds
were randomly divided into 5 experimental
groups, each group consisted of 8 replica-
tions (cages), and each replication consisted
of 3 hens (24 birds per group). The control
group (group C) received the basal diet with
no levan supplementation. The experimental
groups received a basal diet supplemented
with 0.1% (LO.1), 0.25% (L0.25), 0.5% (LO.5)
or 1% (L1) levan (Simagchem Corporation®,
Xiamen, China). The molecular weight of the
levan was 504.43 Da. The hens were fed 130
g/hen/d. Access to water was unlimited. The
experiment lasted 90 days. Table 1 shows
the nutritional value of the levan additive, and
Table 2 presents the composition and nutri-
tional value of the basal diet. The chemical
composition of the levan and the basal diet
was determined according to AOAC (2005),
and included dry matter (DM): AOAC, 930.15;
crude ash: AOAC, 942.05; nitrogen: AOAC,
984.13; crude protein as 6.25 N; crude fat:
AOAC, 920.39; crude fiber: AOAC, 978.10;
and sugars: AOAC, 974.06. P and Ca con-
tents were measured via an inductively cou-
pled plasma emission spectrometer with an
ultrasonic nebulizer (Varian VISTA-MPX ICP-
OES, Victoria, Australia). All analyses were
repeated 6 times.

Performance

The performance of laying hens, such
as EP, egg weight (EW), daily egg mass
(DEM), FI and FCR, was determined after
the 30th, 60th and 90th days of the experi-
ment. EP was defined as the number of
eggs laid by birds in a given period and is
presented as a percentage of laying. To de-
termine the EW and DEM, the eggs were
collected and weighed daily. To determine
Fl, the leftovers were also weighed daily.

The FCR was determined by dividing the
FI by the DEM.

Table 1. Nutritional value of levan

Nutrient |Ana|yzed value
Dry matter (%) 96.81
Crude ash (% DM) 0.038
Crude protein (% DM) bd.
Crude fiber (% DM) bd.
Crude fat (% DM) bd.
Nitrogen-free extract (% DM) 96.77
Sugars (% DM) 9.874

bd. — below the detection level.

Table 2. Composition and nutritional value of
the basal diet

Diet composition (%)

Wheat 10.5% CP 31.65
Maize 7% CP 30.00
Soybean meal 46% CP 15.31
Sunflower meal 34% CP 9.440
Limestone 7.720
Premix 4.000
Soybean oil 1.880
Nutritional value
Dry matter (%) — analyzed 88.59
Crude ash (% DM) — analyzed 12.70
Crude fat (% DM) — analyzed 3.725
Crude protein (% DM) — analyzed 16.30
Crude fiber (% DM) — analyzed 4.012
Metabolizable energy (kcal’lkg DM) 2640
— calculated
Total Ca (% DM) — analyzed 3.802
Total P (% DM) — analyzed 0.564

*Premix composition: Ca — 213.5 g/kg; P — 45
g/kg; Na — 40 g/kg; Lys — 46 g/kg; Met — 67 g/kg;
Thr — 20 g/kg; Trp — 0.700 g/kg; Arg — 3,200 g/
kg; lle — 1,600 g/kg; Val — 2,300 g/kg; vitamin A
—250,000 1U/kg; vitamin D, — 250,000 IU/kg; vita-
min E — 750 IU/kg; vitamin K — 75 mg/kg; vitamin
B, — 50 mg/kg; vitamin B, — 100 mg/kg; vitamin
B, — 750 mg/kg; vitamin B, — 250 mg/kg; vitamin
B, — 100 mg/kg; vitamin B, — 1250 ug/kg; vita-
min B,, — 625 ug/kg; choline — 10,000 mg/kg; folic
acid — 25 mg/kg; Fe — 625 mg/kg; Mn — 2,500 mg/
kg; Zn — 1,500 mg/kg; Cu — 375 mg/kg; | — 25 mg/
kg; Se — 7.5 mg/kg; phytase — 18,725 FTU/Kkg.
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Egg quality

Eggs for qualitative analyses were col-
lected after the 30th, 60th, and 90th days of
the experiment. Three eggs were collected
randomly from each replicate (24 eggs per
group). An Egg Force Reader from ORKA
Food Technology (West Bountiful, UT,
USA) was used to determine the breaking
strength of the eggshell. Eggshell thick-
ness was determined via a digital microme-
ter (SAWERON, Bydgoszcz, Poland). The
shell thickness was expressed as the aver-
age of 3 measurements (sharp end, blunt
end, and equator). Egg freshness based
on Haugh units (HU) was determined via
Egg Analyzer by ORKA Food Technology
(West Bountiful, UT, USA). The color of
the yolk was determined by the La Roche
scale. Eggs intended for qualitative analy-
ses were not stored but were analyzed 24
h after collection.

Microbiological analyses

On the 90th day of the experiment, 8
hens were randomly selected from each
group and then euthanized. Euthanasia
was carried out in accordance with Direc-
tive 2010/63/EU (European Union, 2010).
Analyses of the number of bacteria of the
genera Lactobacillus spp., Bifidobacteri-
um spp., and those belonging to the En-
terobacteriaceae family were performed.
Samples of intestinal contents for tests
were taken postmortem from the jejunum
(JEJ) and the cecum (CEC). A total of 0.15
g of intestinal content was suspended in
1.35 ml of sterile PBS buffer (Merck KGaA,
Darmstadt, Germany) and a series of deci-
mal dilutions were made and inoculated
into Petri dishes with MRS medium (Merck
KGaA, Darmstadt, Germany) to determine
the number of Lactobacillus spp., and sur-
face inoculated on TOS-propionate agar
(Merck KGaA, Darmstadt, Germany) with
the addition of the MUP selective supple-
ment (Merck KGaA, Darmstadt, Germany),
on which bacteria from the Bifidobacterium
spp. genus were identified. To determine

the number of bacteria from the Entero-
bacteriaceae family, the samples were sur-
face inoculated on VRGB medium (Merck
KGaA, Darmstadt, Germany). Bacterial
cultures of the genus Bifidobacterium spp.
were carried out under anaerobic condi-
tions.

Total bacterial genomic DNA was ex-
tracted from pooled intestinal contents
(0.1 g per sample) collected separately
from the cecum and jejunum of euthanized
hens using the QlAamp Fast DNA Stool
Mini Kit (QIAGEN, Hilden, Germany). The
integrity of the extracted DNA was deter-
mined via electrophoresis in 0.7% aga-
rose stained with Midori Green DNA Stain
(Nippon Genetics Europe, Germany). The
concentration of DNA was determined with
a Biowave Il UV/Vis spectrophotometer
(Biochrom WPA, UK), and the purity was
determined in terms of the 260/280 nm ra-
tio. DNA was sequenced with the lllumina
MiSeq next-generation sequencing plat-
form via the MiSeq Reagent Kit v2 500-cy-
cles (lllumina, USA) (weSEQ.IT Poland).
In accordance with the quality of a single
nucleotide, the raw data were filtered pri-
marily by Trimmomatic version 0.33 (Bolg-
er et al., 2014). Identification and removal
of the primer sequence were performed
via Cutadapt version 1.9.1 (Martin, 2011).
PE reads obtained from previous steps
were assembled via USEARCH version 10
(Mago¢€ and Salzberg, 2011), followed by
chimera removal via UCHIME version 8.1
(Edgar et al., 2011). The high-quality reads
generated from the above steps were
used in the following analysis. PE reads
were assembled via Usearch v10 with the
following parameter settings: minimum
length of overlap, 10 bp; minimum simi-
larity within the overlapping region, 90%;
and maximum mismatch, 5 bp. The oper-
ational taxonomic unit (OTU) USEARCH
version 10.0 (Edgar, 2013) was applied to
cluster sequences with similarity greater
than 97%. The conservative threshold for
OTU filtration was 0.005% (Bokulich et
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al., 2013). The DADA2 method in QIIME2
version 2020.06 (Boylen et al., 2019) was
applied to denoise sequences, generat-
ing ASVs. The conservative threshold for
ASYV filtration was 0.005%. Taxonomic an-
notation was performed via a classify-con-
sensus blast in QIIME2, which identified
the annotation with the highest consensus
at N = 3 best hits, including parameters
such as minimum similarity in sequence
(90%), minimum coverage (90%) and min-
imum consensus (51%). A Venn diagram
was used to illustrate shared and unique
OTUs in the cecal microbiota among the
dietary levan treatments. Beta-diversity
was explored using NMDS based on OTU
relative abundances. Due to the lack of
biological replicates, the observed differ-
ences should be interpreted descriptively.

Intestinal histomorphometry

Samples of the duodenum (DUO), JEJ
and ileum (IL) were collected from the
birds. The surface area of the intestinal
villi, the depth of the intestinal crypts, and
the ratio of the length of the villi to the
depth of the crypts (V/C) were determined
in the collected samples. The area of the
intestinal villi was calculated via the fol-
lowing formula: 2  x (W/2) x L, where W
is the villus width and L is the villus length.
All the samples were fixed in 4% buffered
formalin and then embedded in paraffin
blocks. Five-micron-thick paraffin sections
were cut from the blocks prepared on an
HM325 rotary microtome (Epredia, Kala-
mazoo, MI, USA) and then stained with
hematoxylin according to Mayer (Roth
GmbH, Karlsruhe, Germany) and eosin
(Poch S.A., Gliwice, Poland) via H&E
staining. Cross-sectional analysis of the
intestinal fragments was performed via a
Nikon Eclipse Ni light microscope (Nikon,
Melville, NY, USA) equipped with a video
camera. The means were calculated from
3 measurements from each sample via
NIS-Elements BR 5.41 imaging software
(Nikon, Melville, NY, USA).

Immune organ sample processing

The thymus (THM) samples (n=8) were
collected, fixed, processed and stained
with H&E, similar to the intestines.

Spleen (SPL) and cecal tonsil (CT) sam-
ples from eight hens from each group were
collected and fixed in 4% phosphate-buff-
ered paraformaldehyde (pH 7.4) for 1 h.
The samples were subsequently washed in
0.1 M phosphate buffer for 24 h and infiltrat-
ed with phosphate-buffered 30% sucrose
for 5—7 days at 4°C. The tissues were then
frozen in a cryomatrix (Thermo Scientific
6769006, Shandon Cryomatrix) at —30°C
and sliced with a cryostat (CryoStar NX50,
Epredia, Kalamazoo, MI, USA). The organ
samples were cut into 10um serial sec-
tions, mounted on glass slides (Superfrost
Ultra Plus, Thermo Scientific J3800AMNZ),
air-dried overnight, and frozen at approxi-
mately —30°C.

Immunohistochemical staining and
morphometric analysis

The slides were retrieved from the
freezer and left for 30 min to defrost and
dry. The sections were then washed in dis-
tilled water and PBS, and incubated for 20
min in Antibody Diluent with Background
Reducing Component (Agilent, Santa
Clara, CA, USA, S3022) solution to block
any nonspecific reactions. This was fol-
lowed by a one-hour incubation at room
temperature with monoclonal mouse anti-
chicken antibodies (SouthernBiotech, Bir-
mingham, AL, USA) directed against the
Bu-1 (clone AV20, 1:500), CD4 (clone CT-
4, 1:200) and CD8a (clone CT-8, 1:200)
antigens. After a few washes in PBS, the
samples were incubated for 30 min with
a secondary antibody via the EnVision
FLEX+ system (Dako/Agilent, K8002).
The signal was visualized by 3 min of in-
cubation with diaminobenzidine chromo-
gen (Agilent). The slides were dehydrated
in a series of increasing alcohol concen-
trations, mounted with Euparal medium
(ROTH) and covered.
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The morphometric analysis consisted of
measuring the areas covered by antigen-
positive cells. The samples were observed
with a Nikon Eclipse Ni microscope at mag-
nifications of 200x (SPL and CT) and 100x
(SPL's germinal centers). The program
NIS-Elements BR 5.41 allowed the read-
ing and calculation of the positive reaction
as a percentage of the field of view in ar-
eas of 344,000 um?. The field of view of the
CT image was selected starting from the
lamina propria of the mucosa and moving
toward the lumen. In the THM, the cortex
to medulla (C/M) thickness ratio was also
determined.

Blood sample analyses

Blood samples were taken from the cer-
vical vein into tubes containing ethylenedi-
aminetetraacetic acid (EDTA) (Equimed,
Krakéw, Poland). The isolation of lympho-
cytes and monocytes from the blood was
performed as described previously (Szc-
zypka et al., 2023). The blood was layered
at a 1:1 ratio on the isolation mixture His-
topaque®-1077 (Sigma-Aldrich, St. Louis,
MO, USA). After centrifugation (3000 x
g, 15 min, 4°C), the cells were collected
from the interphase, washed with ice-cold
phosphate-buffered saline (PBS) (Institute
of Immunology and Experimental Therapy,
Wroctaw, Poland) with 1% bovine serum
albumin (BSA) (Sigma-Aldrich, St. Louis,
MO, USA) and centrifuged (380 x g, 7 min,
4°C). After two washes, the cells were sus-
pended in PBS with 1% BSA, and the cell
suspensions were incubated (30 min, 4°C)
with monoclonal antibodies at the concen-
trations recommended by the manufac-
turer (Southern Biotech, Birmingham, AL,
USA). The following monoclonal antibod-
ies were used in this experiment: mouse
anti-chicken monocyte/macrophage-FITC
(KULO1), mouse anti-chicken Bu-1a-PE,
mouse anti-chicken CD3-FITC, mouse an-
ti-chicken TCRy®-PE, mouse anti-chicken
CD4-PE, and mouse anti-chicken CD8a-
APC. The experiment also included stain-

ing with the appropriate isotype controls:
mouse IgG1-APC, mouse IgG1-PE, and
mouse IgG1-FITC. After incubation with
monoclonal antibodies, the cells were
washed and centrifuged (380 x g, 7 min,
4°C) two times with ice-cold PBS. The cells
were subsequently fixed in PBS with 2%
formaldehyde (Chempur, Piekary Slaskie,
Poland). Fluorescence was measured via
a flow cytometer (BD FACSCalibur, BD Bi-
osciences, San Jose, CA, USA). The dis-
tribution of the cell surface markers was
analyzed via CellQuest 3.1f. Pro software
(Becton Dickinson, San Jose, CA, USA).
We determined the percentages and
total counts of monocytes and lympho-
cytes and the ratio of CD4*/CD8* lympho-
cytes.

Statistical analysis

Statistical analyses were performed us-
ing Statistica ver. 13.1 software (TIBCO
Software Inc., 2017), with the cage with 3
hens considered a replicate experimental
unit for performance data (N = 8 per group).
For the egg quality data, in order to exclude
the risk of pseudoreplication, the values
obtained from 3 eggs were averaged at the
replicate cage level before statistical analy-
sis (N = 8 per group) and entered into the
statistical model as replicate cage means..
For other traits (the gut microbiota in the
JEJ and CEC content; histomorphometric
parameters of the intestine — DUO, JEJ
and IL; immunohistochemistry and mor-
phometry of lymphoid organs — SPL, CT,
and THM; and blood analyses) the bird was
used as the observation experimental unit
(N = 8 per group). To determine the normal-
ity of the distribution, the Shapiro-Wilk test
was performed. If the data were normally
distributed, one-way ANOVA was per-
formed, where differences between groups
were assessed using the Tukey test. ANO-
VA was conducted according to the follow-
ing model:

\/U=l“l+a,+5,/’
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where Y is the observed dependent var-
iable, u is the overall mean, a. is the effect
of the diet, and 6,.1. is the random error.

If the data were not normally distributed,
the Kruskal-Wallis test was performed. Dif-
ferences were considered statistically sig-
nificant when P<0.05. The results are pre-
sented as the mean, standard error of the
mean (SEM), and standard deviation (SD).

Results

Performance

Table 3 presents the performance re-
sults of laying hens after the 30th, 60th and
90th days of the experiment.

No statistically significant differences
were found in the performance of laying
hens after 30 days of the experiment. Af-
ter 60 days of the experiment, birds from

the LO.5 group were characterized by sig-
nificantly higher (P<0.05) EP compared to
the C group. The situation was similar after
90 days of the experiment, when birds from
the LO.5 group were also characterized by
significantly higher (P<0.05) EP compared
to the C group.

Egg quality

Table 4 shows the egg quality parame-
ters after 30, 60 and 90 days of the experi-
ment.

The use of different levels of levan had
no effect on egg quality parameters after 30
days of the experiment. After 60 days, eggs
from the L0.1 group were characterized
by significantly greater breaking strength
(P<0.05) than eggs from the C group. After
90 days, no statistically significant differ-
ences were found in the assessed param-
eters.

Table 3. Performance of laying hens

Parameter | C | L041 | L025 L0.5 L1 SEM | P-value
30th day
EP (%) 9047 9219 9276 9352 9238 0493  0.387
DEM (g perhen) 56.00 5535  57.05  56.05 5660 0252  0.268
EW (g) 57.07 5677 5813 5710  58.05 0257  0.329
Fl (g) 129.1 1296 1296 1296 1299 0.118  0.587
FCR 2306 2346 2273 2314 2298 0011  0.351
60th day
EP (%) 91.04a 94.12ab 9442ab 9500b 93.68ab 0.392  0.015
DEM (g per hen)  58.16 57.59 59.33 57.71 58.14 0.373 0.630
EW (g) 59.71 58.94  60.81 59.01 59.73  0.397  0.544
Fl (g) 129.1 129.1 128.3 129.1 129.1 0213  0.757
FCR 2222 2247 2165 2241 2225 0014 0445
90th day
EP (%) 92.07a 94.35ab 9516ab 9596b 94.08ab 0.361  0.010
DEM (gperhen) 58.85 5917 5983 5914 5882 0257  0.759
EW (g) 60.54 6039 6112  60.34 6018 0271  0.854
Fl (g) 1295 1289 1297 1293 1272 0552  0.773
FCR 2205 2180 2170 2188  2.165 0012  0.886

a, b — values within a row with different letters differ significantly at the level of P<0.05; EP —
egg production; DEM — daily mass of eggs; EW — egg weight; Fl — feed intake; FCR — feed con-
version ratio; C — control group; L0.1, L0.25, L0.5, L1 — groups with the addition of 0.1%, 0.25%,
0.5% and 1% levan, respectively; SEM — standard error of the mean.
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Table 4. Egg quality

Parameter C LO.1 LO.25 LO.5 L1 SEM P-value

30th day

Breaking strength  5.518 5.942 5.759 5.801 5.863 0.049 0.168

(kg/cm?)

Thickness (mm) 0.366 0.380 0.378 0.385 0.385 0.003 0.247

Yolk color 10.87 11.16 11.08 10.95 11.08 0.078 0.629

HU 96.35 96.19 93.72 93.89 94.94 0.463 0.256
60th day

Breaking strength  5.301a 5.763b 5.633ab 5.665ab 5.607 ab 0.048 0.035

(kg/cm?)

Thickness (mm) 0.347 0.360 0.346 0.357 0.346 0.003 0.470

Yolk color 10.62 10.70 11.16 11.08 10.70 0.071 0.351

HU 83.32 85.42 85.29 82.82 83.57 0.551 0.270
90th day

Breaking strength ~ 5.504 5.739 5.865 5.766 5.867 0.050 0.527

(kg/cm?)

Thickness (mm) 0.368 0.363 0.361 0.360 0.361 0.002 0.921

Yolk color 8.545 8.750 8.779 8.579 8.829 0.099 0.869

HU 91.85 94.26 93.20 92.03 93.33 0.548 0.782

a, b — values within a row with different letters differ significantly at the level of P<0.05; HU —
Haugh units; C — control group; L0.1, L0.25, L0.5, L1 — groups with the addition of 0.1%, 0.25%,
0.5% and 1% levan respectively; SEM — standard error of the mean.

The gut microbiota

The L0.25 and LO.5 groups were
characterized by a significantly greater
(P<0.05) number of Lactobacillus spp.
bacteria in the JEJ than the C and L1
groups (Figure 1 a). Moreover, the L0.25
group was characterized by a significantly
greater (P<0.05) number of Lactobacillus
spp. bacteria than the L0.1 group (Figure
1 a). No statistically significant differences
were found for Bifidobacterium spp. in JEJ
among the assessed groups (Figure 1 b).
However, hens in the L0.1, L0.25 and L0O.5
groups were characterized by a signifi-
cantly lower (P<0.05) number of bacteria
from the Enterobacteriaceae family in the
JEJ than those in the C group (Figure 1
c). The CEC did not significantly differ in
terms of the number of Lactobacillus spp.
or Enterobacteriaceae (Figure 1 d and 1
f). However, hens in the L0.1, L0.25 and

L1 groups were characterized by a signifi-
cantly greater (P<0.05) number of Bifido-
bacterium spp. bacteria than those in the
C group (Figure 1 e).

16S rRNA sequencing was performed
to characterize the microbiota composi-
tion of the contents of JEJ and CEC. In the
cecal contents, the total number of OTUs/
ASVs was comparable across dietary
treatments. The control group contained
233 OTUs/ASVs, while hens fed diets
supplemented with levan showed slightly
higher richness, with 253 OTUs/ASVs at
0.1%, 265 at 0.25%, 260 at 0.5%, and
263 at 1.0% supplementation. Venn dia-
gram analysis indicated that 110 OTUs/
ASVs were shared among all groups, rep-
resenting a common core microbiota. In
addition, each treatment group exhibited
unique OTUs/ASVs. The control group
contained 28 unique OTUs/ASVs, where-
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as 25 unique OTUs/ASVs were observed
inthe 0.1% levan group. The 0.25%, 0.5%,
and 1.0% levan-supplemented groups
each harbored 24 unique OTUs/ASVs.
Due to the absence of biological repli-
cates per treatment, these observations
should be interpreted descriptively (Sup-
plementary Figure 1). The Shannon diver-
sity index showed variation among dietary
treatments, with values of 6.35 in the C
group, 6.80 at 0.1% levan, 6.96 at 0.25%,
6.69 at 0.5%, and 6.37 at 1.0% supple-
mentation. Alpha diversity appeared to be
higher at low to moderate levan concen-
trations, with the highest value observed
at 0.25%, while the highest supplemen-
tation level resulted in a Shannon index
comparable to the control (Supplementa-
ry Table 1). Non-metric multidimensional
scaling (NMDS) analysis showed an ex-
cellent two-dimensional representation of
the data, with a stress value of 0.0004,
indicating minimal distortion of the origi-
nal distance matrix. However, due to the
limited number of samples and the lack of
biological replicates, the ordination should
be interpreted descriptively (Supplemen-
tary Figure 2). The 8 bacterial phyla were
subjected to phylogenetic analysis. Phy-
logenetic classification revealed that Ac-
tinobacteriota, Firmicutes and Bacteroi-
dota were the predominant phyla in laying
hens from all the groups. However, in the
C group, the relative abundance of Firmi-
cutes (32.5%) was lower than that in the
hens in the groups receiving a diet sup-
plemented with levan (44.6-57.1%), and
the relative abundance of Actinobacterio-
ta was estimated to be 49.3%, whereas in
the treated hens, the level of Actinobacte-
ria varied between 6.8 and 14.2% (Figure
2 a). These differences were reflected in
the massive reduction in Coriobacteriia in
samples taken from hens fed a diet sup-
plemented with levan (4.9-12.3%) and the
increase in Clostridia (24.6—35.1%) com-
pared with those in the C group (42.3%
and 13.6%, respectively) (Figure 2 b).

A significant dose-dependent increase in
Bacilliwas also observed (Figure 2 b). The
relative abundance of bacteria in each or-
der was also compared, confirming the
analysis of phyla and classes. In hens
from the C group, the relative abundance
of Coriobacteriales (23.5%) was dramati-
cally greater than that in hens with levan-
supplemented diets (6.6-14.5%) and the
abundances of Clostridia_ UCG_014 and
Lactobacillales increased when the levan
was inthe diet (6.9-12.7% and 9.8-18.3%,
respectively), in comparison to those in
the C group (1.8 and 5.3%, respective-
ly) (Figure 2 c). Analysis of the relative
abundance of bacteria in the families re-
vealed striking differences in the effect of
supplementation with levan in increasing
unclassified Clostridia UCG_014 (5.7—
11.8%), Bacteroidaceae (7.9-12.2%)
and Lactobacillaceae (9.1-17.8%) com-
pared with those in the C group (1.6, 4.7,
and 3.1%), respectively, and decreasing
Eggerthellaceae in the C (23.5%) and
treated groups (2.5-7.9%) (Figure 2 d).
These results were reflected in the rela-
tive abundance of bacteria at the genus
level. The relative abundances of unclas-
sified Muribaculaceae and Enterorhabdus
were greater in hens with no levan in the
diet (7.8 and 14.2%, respectively) than
in the levan-treated groups, with values
estimated to be 3.3-5.6% and 1.2-5.1%,
respectively. An increasing effect was ob-
served for the relative abundances of Li-
mosilactobacillus (4.1-8.7%) and Bacte-
roides (6.1-9.2%) in hens supplemented
with levan in comparison with those in
the C group (2.7 and 3.9%, respectively)
(Figure 2 e). Phylogenetic analysis of the
relative abundance of bacterial species
clearly revealed a dose-dependent effect
of the supplementation of the diet, with
0.1 and 0.25% of levan in the diet in one
cluster related to the C group and 0.5 and
1.0% levan in another cluster related to
the C group. The taxonomic assignments
are presented in Figure 3.
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Figure 1. The number of Lactobacillus spp., Bifidobacterium spp., and Enterobacteriaceae family

bacteria in the JEJ and CEC (mean £ SD, N=8); a, b — values above bars with different letters dif-

fer significantly at the level of P<0.05; C — control group; L0.1, L0.25, L0.5, L1 — groups with the
addition of 0.1%, 0.25%, 0.5% and 1% levan, respectively.
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Figure 3. The taxonomic assignments in CEC.

In the samples of intestinal contents tak-
en from the JEJ, showed lower complexity
and no differences were observed.

Histomorphometry of individual parts
of the small intestine

Compared with those in groups L0.25
and L1, the intestinal villi in groups C, LO.1
and L0.5 were significantly longer (P<0.05)
in the DUO (Figure 4). In the case of JEJ,
significantly longer (P<0.05) intestinal villi
were observed in the C and L0.1 groups
than in the L0.25 and L1 groups (Figure 4).
There were no differences in the surface
area of the intestinal villi in the DUO and
IL, but in the JEJ, the intestinal villi from the
C and L0.1 groups were characterized by

a significantly larger (P<0.05) surface area
than those from the other groups (Figure
5). In the L.025, LO.5 and L1 groups, sig-
nificantly deeper (P<0.05) intestinal crypts
were found in the DUO than in the other
groups (Figure 6). Compared with the L.025
group the C and L0O.1 groups were char-
acterized by significantly deeper (P<0.05)
crypts in the JEJ (Figure 6). In the IL, no
statistically significant differences were
found in terms of intestinal crypt depth (Fig-
ure 6). The V/C ratio was significantly low-
er (P<0.05) in the DUO from the L1 group
than in that from the C group (Figure 7).
There were no statistically significant differ-
ences in the discussed ratios in the JEJ or
the IL (Figure 7).
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Figure 4. Length of intestinal villi (um) in DUO, JEJ and IL (mean + SD, N=8); a, b — values above

bars with different letters differ significantly at the level of P<0.05; DUO — duodenum; JEJ — je-

junum; IL — ileum; C — control group; LO.1, L0.25, L0O.5, L1 — groups with the addition of 0.1%,
0.25%, 0.5% and 1% levan, respectively.
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Figure 5. Intestinal villi surface area (mm?) in DUO, JEJ and IL (mean + SD, N=8); a, b — values

above bars with different letters differ significantly at the level of P<0.05; DUO — duodenum; JEJ

— jejunum; IL — ileum; C — control group; L0.1, L0.25, L0.5, L1 — groups with the addition of 0.1%,
0.25%, 0.5% and 1% levan, respectively.
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Figure 6. Depth of intestinal crypts (um) in DUO, JEJ and IL (mean = SD, N=8); a, b — values

above bars with different letters differ significantly at the level of P<0.05; DUO — duodenum; JEJ

— jejunum; IL — ileum; C — control group; L0.1, L0.25, L0.5, L1 — groups with the addition of 0.1%,
0.25%, 0.5% and 1% levan, respectively.
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Figure 7. The V/C ratio in DUO, JEJ and IL (mean + SD, N=8); a, b — values above bars with

different letters differ significantly at the level of P<0.05; DUO — duodenum; JEJ — jejunum; IL —

ileum; C — control group; LO.1, L0.25, L0O.5, L1 — groups with the addition of 0.1%, 0.25%, 0.5%
and 1% levan, respectively.

Morphometry of the THM and specific
immune cell composition in the SPL and
CT

In the present study the C/M ratio was
significantly lower (P<0.05) in the L0.25,
L0.5 and L1 groups than in the C group
(Figure 8). The lowest value was noted in
the L0O.25 group.

In the present study, the numbers of B
lymphocytes (Bu-1*), helper T lymphocytes
(CD4"), and cytotoxic cells (T lymphocytes
and NK cells) (CD8a*) were estimated in
the CT and SPL of laying hens receiving
different levels of levan in the feed (Figures
9 and 10). There were no statistically sig-
nificant differences in the number of Bu-

a
c
bf b
" ' '

1* cells in the SPL between the assessed
groups. A significantly lower (P<0.05) num-
ber of CD8a* cells was recorded in the SPL
of hens in the L0.25 group than in those
in the C group. In the CT, the number of
Bu-1*, CD4* and CD8" cells did not dif-
fer significantly between the experimental
groups and the C group (Figure 10). Only
differences in the number of Bu-1* and
CD4* cells were observed between groups
receiving different concentrations of levan.

In the SPL, the CD4*/CD8* cell ratio was
also calculated (Figure 11). Compared with
the C group, the L0.25 group presented
a significantly greater (P<0.05) CD4*/CD8*
cell ratio.

EC w01 w025 mL05 mL1

Figure 8. The cortex to medulla thickness ratio in THM (mean + SD, N=8); a, b — values above
bars with different letters differ significantly at the level of P<0.05; C — control group; L0.1, L0.25,
L0.5, L1 — groups with the addition of 0.1%, 0.25%, 0.5% and 1% levan, respectively.
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Figure 9. The number of Bu-1*, CD4* and CD8a* cells in the SPL (mean = SD, N=8); a, b — values
above bars with different letters differ significantly at the level of P<0.05; C — control group; L0.1,
L0.25, LO.5, L1 — groups with the addition of 0.1%, 0.25%, 0.5% and 1% levan, respectively.
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Figure 10. The number of Bu-1*, CD4* and CD8a* cells in the CT (mean + SD, N=8); a, b — values
above bars with different letters differ significantly at the level of P<0.05; C — control group; L0O.1,
LO.25, LO.5, L1 — groups with the addition of 0.1%, 0.25%, 0.5% and 1% levan, respectively.
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Figure 11. CD4*/CD8a* cells ratio in the SPL (mean + SD, N=8); a, b — values above bars with
different letters differ significantly at the level of P<0.05; C — control group; L0.1, L0.25, LO.5, L1
— groups with the addition of 0.1%, 0.25%, 0.5% and 1% levan, respectively.
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Table 5. Populations of blood lymphocytes and monocytes

Type C LO.1 L0.25 LO.5 L1 | SEM |P-value
of cells
° 15.4 2201a 1942ab 20.1 14, 1.422 0.042
KULO1* %o 5.46 ab 0Ola 1942ab 20.13ab 55 b 0.0
cells Total count o o0y 4 44 9090 8540 5540 0.892 0.087
(x10%/ml)
% 2539 2901 2720 2468  27.74 0.787 0.235
Bu-1a* cells
Totalcount g 25 1544 12.69 10.65 9.600 0.657 0.108
(x10%/ml)
% 6048a 47.38b 46.14b 47.99b 54.01ab 2.688 0.001
CD3* cells Total ¢
otal count ,3 g, 2063  21.11 20.19 1958  0.677 0.693
(x108/ml)
% 40.80ab 37.23b 37.48b 3627b 4448a 1514 0.001
CD4" cells Total count
count 45 8o 16.48  17.38 15.30 16.08  0.350 0.931
(x10%/ml)
% 16.47a 1144b 1039b 12.80ab 11.95b 1.040 0.002
CD8" cells Total nt
otal count ¢ 360 5020 4.860 5390 4260 0.347 0.245
(x10%/ml)
Ch3"/ 0 14.97 1428 1322 1267 1460 0.432 0578
ToRYE" % . . . . . . .
cells Totalcount g g50 6150 6140 5460 5340 0.168 0.900
(x10%/ml)
gﬁg /CD8 2630 b 3.320ab 3.650ab 2.990ab 3.930a 0.230 0.014

a, b — values within a row with different letters differ significantly at the level of P<0.05; C — con-
trol group; L0O.1, LO.25, LO.5, L1 — groups with the addition of 0.1%, 0.25%, 0.5% and 1% levan,

respectively; SEM — standard error of the mean.

Populations of blood lymphocytes
and monocytes

Table 5 presents the results related to
the populations of lymphocytes and mono-
cytes in the blood of the tested birds.

Inthe LO.1 group, there was a significantly
greater (P<0.05) percentage of monocytes
(KULO1* cells) than in the L1 group. None
of the concentrations of levan affected the
population of Bu-1a* cells, either the per-
centage or total count. Levan supplemen-
tation decreased (P<0.05) the percentage
of T cells (CD3* cells) compared with that
in the C group. This effect was observed

after the administration of levan at concen-
trations of 0.1%, 0.25% and 0.5%. A simi-
lar downward trend was observed after the
addition of 1% levan; however, this change
was not statistically significant. Levan, re-
gardless of the concentration used, did not
affect the percentage of CD4* cells com-
pared with that in the C group. However,
statistically significant (P<0.05) differences
were detected between the levan groups.
The percentage of CD4* cells was lower
in the LO.1, LO.25 and L0.5 groups than in
the L1 group. Levan at concentrations of
0.1%, 0.25% and 1% decreased (P<0.05)
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the percentage of CD8* cells compared
with that in the C group. After 0.5% levan
administration, a similar downward trend
was observed; however, this difference
was not statistically significant. Levan at
a concentration of 1% increased (P<0.05)
the CD4*/CD8"* ratio compared with that in
the C group. The use of levan at other con-
centrations showed a similar upward trend,
but it was not statistically significant. There
were no changes in the total count of T
cells (CD3*, CD4* and CD8* cells) after le-
van supplementation. Levan, regardless of
the concentration used, did not affect either
the percentage or total count of the TCRy&*
cell subpopulation.

Discussion

The improvement in EP is probably due
to the general prebiotic properties of levan
causing changes in the gastrointestinal mi-
croflora, nutrient absorption and the sur-
face of the intestinal epithelium. Notably,
these are the first studies in which levan
was used as a feed additive in the diet of
laying hens. To date, the fructan that has
been used primarily in poultry nutrition is
inulin. Chen et al. (2005), who used inulin
in the feed of laying hens, reported that
inulin significantly increased (P<0.05) EP.
Similar to our research, the use of this ad-
ditive had no effect on EW or FI. Other re-
sults were obtained by Shang et al. (2010),
who reported no significant effect of differ-
ent inulin concentrations on EP or other
production parameters. Swigtkiewicz et al.
(2010) also reported that inulin has no ef-
fect on egg performance parameters. Park
and Park (2012) reported that the use of
inulin in the nutrition of laying hens signifi-
cantly increased (P<0.05) EP. Additionally,
Shang et al. (2020) reported that inulin
supplementation, especially at 15 g/kg, can
significantly increase (P<0.05) EP and EW,
and significantly reduce (P<0.05) the FCR.

The literature indicates that the use of
low doses of fructans increases the absorp-

tion of nutrients, including minerals such
as calcium, which should translate into im-
proved eggshell quality (Azorin-Ortuno et
al., 2009). The present study seems to con-
firm this tendency, especially considering
that a difference in breaking strength was
observed in the L0.1 group. Similar results
were obtained by Shang et al. (2010), who
reported that inulin had no effect on egg
quality parameters. Different results were
presented by Park and Park (2012), who
reported that the addition of fructan in the
form of inulin significantly increased HU,
eggshell thickness and breaking strength.
They did not observe an effect of the addi-
tion of inulin on the color of the yolk, which
is natural because fructans are not dyes.
Other results were also obtained by Shang
et al. (2020), who reported that the addi-
tion of inulin can have a positive effect on
eggshell thickness. These findings, similar
to those of the present study, revealed no
effect of the use of fructans on HU.

The results confirmed that levan has
prebiotic properties and stimulates the
growth of probiotic bacteria, while inhibit-
ing the development of potentially patho-
genic microflora. This is because bacteria
from the genera Lactobacillus spp. and
Bifidobacterium spp. use fructans much
more efficiently in the fermentation pro-
cess than other groups of bacteria do. The
byproducts of this process are short-chain
fatty acids (SCFAs) (Chen, 2003) which
acidify the gastrointestinal environment
and, in turn, limit the opportunities for the
development of other microorganisms.
Similar results were obtained by Shang
et al. (2010), who reported that the ad-
dition of 2% inulin significantly increased
(P<0.05) the number of Bifidobacterium
spp. in CEC. Park and Park (2012) report-
ed that the addition of inulin significantly
increased (P<0.05) the number of Lacto-
bacillus spp. and Bifidobacterium spp. and
significantly decreased (P<0.05) the num-
ber of Escherichia coli and Salmonella in
CEC. Abdelgader et al. (2013) noted that
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the addition of inulin significantly increased
(P<0.05) the number of Lactobacillus spp.
and Bifidobacterium spp. in CEC. The ob-
tained results are, to some extent, consist-
ent with the results of other authors who
also indicated Firmicutes, Actinobacteria
and Bacteroidetes as the dominant phyla
(Li et al., 2018; Song et al., 2020). Li et
al. (2018), however, did not demonstrate
such a strong effect of inulin and wheat
bran use on the development of the mi-
crobiological profile of birds as the present
study did. However, it should be taken into
account that they euthanized the birds on
the 11th day of life; the lack of a visible
effect on the composition of the gastroin-
testinal microflora may therefore be due
to the young age of the birds. Xia et al.
(2021) also did not find that the inclusion
of inulin in the basal diet significantly af-
fects the composition and diversity of the
gastrointestinal microbiota. The differenc-
es in the results are most likely due to the
effects of different durations of prebiotic
use, which, in the case of this study, were
longer and lasted 90 days.

The changes described in the histomor-
phometric parameters of the small intestine
of laying hens under the influence of levan
provide new information on the potential
use of fructans as prebiotics. It is generally
believed that a greater length of the intesti-
nal villi increases the surface area capable
of better absorbing available nutrients (Cas-
pary, 1992). However, the increased length
of the intestinal villi means that more ener-
gy and nutrients are needed to replace the
intestinal mucosa more quickly. The use of
additional nutrients to regenerate the mu-
cosa may therefore come at the expense of
the energy needed to maintain the animal’s
performance (Rehman et al., 2007). On the
other hand, shortening of the intestinal villi
and deepening of the crypts may lead to
poor absorption of nutrients and, conse-
quently, poorer performance of the animal
(Xu et al., 2003). Deepened crypts indicate
rapid tissue turnover, allowing intestinal villi

renewal in response to normal sloughing or
inflammation induced by pathogens or their
toxins (Yason et al., 1987). An increase in
the V/C ratio is related to increased epithe-
lial cell turnover (Chichlowski et al., 2007),
and longer intestinal villi are associated
with activated cell mitosis (Samanya and
Yamauchi, 2002). On the basis of the re-
sults obtained in this study, the changes
observed in the epithelium of the small in-
testine are a negative effect of the use of
levan because they lead to a reduction in
the absorption surface. However, it should
be noted that on the surface of the intesti-
nal villi, in addition to enterocytes (absorp-
tive cells), there is also a variable number
of goblet cells and enteroendocrine cells,
which do not have absorbent properties.
Therefore, the absorptive surface of the in-
testinal villi is largely dependent on the mu-
tual proportions of absorptive, goblet and
enteroendocrine cells (Awad et al., 2011).
Therefore, this should be the aim of future
research on the possibility of using fructans
in poultry nutrition. The effects of fructans
on the histomorphometric parameters of
the small intestine of laying hens have not
been widely studied. Research has focused
on broiler chickens, whose production cy-
cle is much shorter; therefore, the obtained
results cannot be translated to laying hens.
Abdelgader et al. (2013) reported that the
addition of inulin to the diet of laying hens
significantly increases (P<0.05) the length
of intestinal villi and the depth of crypts in
DUO, JEJ and IL.

In the thymus, intensive proliferation,
maturation and selection of thymocytes
take place in the cortex, whereas mature
CD4* or CD8* cells predominate in the
medulla (Nagy et al., 2021). A decrease
in the C/M ratio usually indicates thinning
of the cortex or widening of the medulla,
which may not be observed for similar or-
gan weights and lobule diameters (Elmore,
2006). In chickens, the physiological invo-
lution of the thymus begins at approximate-
ly 2—4 months of age and is dependent on
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the strain (Ciriaco et al., 2003; Ayman et
al., 2020). In the present study, the thy-
muses came from layers aged 39 weeks,
i.e. with an advanced involution process.
In several cases, blurring of the boundary
between the cortex and the medulla was
observed. The decrease in the C/M ratio
resulting from the relative thinning of the
cortex in relation to the medulla indicates
that the addition of levan may accelerate
the process of thymic involution in laying
hens.

It can be concluded that levan may
cause some immunosuppression, espe-
cially in CD8"* cells in the SPL and in the
CT (Figures 9 and 10). This is contrary to
the results obtained by Janardhana et al.
(2009), who reported that the use of man-
nan-oligosaccharides (MOS) and fructo-
oligosaccharides (FOS) causes immuno-
suppression in the CT of broiler chickens.
There was a significant decrease (P<0.05)
in the number of Bu-1* lymphocytes in the
CT. These results can be explained by the
ability of levan to promote the growth of
beneficial microorganisms, such as Lac-
tobacillus spp. and Bifidobacterium spp.,
and to inhibit the growth of Enterobacte-
riaceae and Clostridum spp. Another pos-
sible mediator of immunosuppression may
be byproducts of levan fermentation, such
as SCFAs, which in turn may bind to recep-
tors expressed on leukocytes and affect
their function (Janardhana et al., 2009).
The effect of MOS on human lymphocytes
has been well documented (Nelson et al.,
1984; Muchmore et al., 1990; Nelson et
al., 1991). These studies have shown that
in vivo, mannan can cause suppression
directly by blocking T or B-cell receptors
or indirectly by inducing the production of
prostaglandin E2 by monocytes or antigen-
presenting cells, which in turn can attenu-
ate the proliferative response of T cells to
mitogens and inhibit the formation of B-
cell colonies in the SPL and lymph nodes
(Jelinek and Lipsky, 1985; Jelinek et al.,
1985). The results of the present study re-

vealed that levan appears to have a similar
effect on laying hens. Compared with the
C group, the L0.25 group presented a sig-
nificantly greater CD4*/CD8* cell ratio in
the SPL. This was due to a decrease in the
number of CD8* cells in the L0.25 group.
These results are consistent with those ob-
tained by Huang et al. (2015), who noted
that the use of inulin in the diet of broiler
chickens increases the ratio of CD4* to
CD8* lymphocytes.

On the basis of the results related to
the population of blood lymphocytes and
monocytes, it can also be concluded that
the use of levan in the nutrition of laying
hens causes some immunosuppression,
including T CD8"* cells. Kim et al. (2011),
reported that the heterophil:lymphocyte ra-
tio and basophil leukocyte count were sig-
nificantly lower (P<0.05) in birds receiving
MOS supplementation in the feed. These
results are inconsistent with those obtained
by Mohebbifar et al. (2013), who noted no
effect of the use of prebiotics in bird nutri-
tion on white blood cell counts in laying
hens. Other results were obtained by Helal
et al. (2015), who reported that the use of
prebiotics in the diet of broiler chickens
significantly increased (P<0.05) the total
number of leukocytes and the percent-
age of lymphocytes. Additionally, Biswas
et al. (2019) reported that the inclusion of
a prebiotic in the form of MOS in the diet
of broiler chickens significantly increased
the immune response rates in the blood of
tested animals.

Conclusion

The addition of levan to the diet of lay-
ing hens had a positive effect on the per-
formance of the birds, especially in the EP
context. At low doses, levan had a positive
effect on several egg quality parameters,
such as breaking strength. The use of le-
van as a feed additive promoted the devel-
opment of the gastrointestinal microflora by
promoting the growth of Lactobacillus spp.
and Bifidobacterium spp. bacteria and in-
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hibiting the growth of Enterobacteriaceae
bacteria. Exploratory 16S rRNA-based pro-
filing of pooled samples suggested shifts in
bacterial community composition. Without
additional tests, such as determining the
mutual ratio of enterocytes, goblet cells
and enteroendocrine cells, it is difficult to
clearly determine the effect of levan on the
intestinal epithelium. Levan, its fermenta-
tion products, as well as changes in the
composition of the microflora of the diges-
tive tract of laying hens may have some
immunosuppressive effects, as confirmed
by examination of lymphatic organs and
the population of lymphocytes and mono-
cytes in the blood. Taking into account all
the indicators examined, the best solution
seems to be the addition of 0.5% levan to
the diet of laying hens. However, despite
many confirmed positive effects, it is crucial
to find solutions that allow for the effective
acquisition of levan, which significantly re-
duces its price. Until this point, the use of
levan in a large-scale production has been
rather unlikely.
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