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ABSTRACT The aim of the study was to evaluate the
effect of inclusion of micronized full-fat camelina, flax, or
sunflower seeds in the diet for broiler chickens on the
performance productivity, nutrient utilization, and com-
position of intestinal microbial populations and to assess
the possibility of modification of the resistance of iso-
lated bacteria to chemotherapeutic agents with different
mechanisms of action. The use of micronized oilseeds
improved the broiler chicken body weight (P = 0.035)
and the FCR value (P = 0.045) in the final rearing stage
by enhancement of the utilization of total protein and
organic matter. Lactobacillus- Enterococcus spp., Bifido-
bacterium spp., Escherichia coli, and Salmonella spp.
were isolated from small intestinal contents, and Entero-
bacteriaceae taxa were detected in the cecum and cloaca
of the broiler chickens. The addition of micronized cam-
elina seeds (CAM.IR) contributed to an increase in the
Bifidobacterium counts in the small intestine, compared
with the control treatment (P < 0.050). Escherichia coli
bacteria were not isolated only in the CAM.IR treat-
ment. Nitrofurantoin and chloramphenicol were the
most effective agents against the isolates from the cecum

and cloaca in all oilseed treatments, whereas streptomy-
cin exhibited the lowest efficacy. In the CAM.IR and
micronized sunflower seed (SUN.IR) treatments, there
were higher counts of trimethoprim/sulfamethoxazole-
resistant Enterobacteriaceae strains than in the control
and micronized flax seed (FLA.IR) treatments
(P < 0.05). There was a difference between strains iso-
lated from the cecum and cloaca only in the FLA.IR
treatment, i.e., increased tetracycline sensitivity was
exhibited by strains isolated from the cloaca (13% vs.
50%), also in comparison with the control treatments
(P = 0.054). In comparison with the CAM.IR and con-
trol treatments, reduced numbers of multi-resistant
strains were found in the cloaca isolates from the for
FLA.IR and SUN.IR variants. Micronized camelina,
flax, and sunflower seeds can be used as part of an effec-
tive nutritional strategy focused on optimization of the
efficiency of rearing broiler chickens, as they positively
modify intestinal microbial populations and increase
bacterial sensitivity to the analyzed chemotherapeutic
agents.
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INTRODUCTION

Human and animal diseases caused by FEnterobacteria-
ceae bacilli are a widespread epidemiological problem
(Mon et al., 2015; Silva et al., 2019). Farmed birds play an
important role in the spread of Enterobacteriaceae due to
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the high prevalence of poultry infections caused by these
microorganisms (Miranda et al., 2008; Osman et al., 2018).
Maintenance of appropriate intestinal integrity is one of
the key elements of profitability in poultry production.
The avian gastrointestinal tract is colonized by tens of bil-
lions of microorganisms that contribute to the normal har-
monious functioning of the entire organism. In the chicken
microbiome, at least 13 different types of bacteria have
been identified with over 90% represented by Firmicutes,
Bacteroidetes, and Proteobacteria. Approximately 900
species of microorganisms identified are members of over
117 genera. The most numerous are bacteria of the genus


https://doi.org/10.1016/j.psj.2021.101118
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:bozena.kiczorowska@up.lublin.pl

2 ZAJACET AL.

Clostridium, Ruminococcus, Lactobacillus, and Bacter-
oides (Binek et al., 2017). They play an important role in
the digestion and absorption processes and in maintenance
of good health status of the entire organism. A special role
in this respect is assigned to bacteria of the genus Lactoba-
cillus or Bifidobacterium. Their beneficial effects are
reflected not only in stimulation of the function of the gas-
trointestinal tract, but also in inhibition of the growth of
pathogenic microorganisms (Sergeant et al., 2014), e.g.,
Escherichia coli or Clostridum. They are also a reservoir of
antibiotic resistance genes (Zhou et al., 2012). Special epi-
demiological importance is ascribed to multi-resistant
strains and identification of factors inducing the mecha-
nism of bacterial resistance to chemotherapeutic agents
(Paterson, 2006; Stecher et al., 2011; Yang et al., 2019).

There is an ongoing search for sources of phytobiotic
additives with bacteriostatic, bactericidal, immunomod-
ulatory, and antiinflammatory properties (Kiczorowska
et al., 2017; Gheisar and Kim, 2018; Kim and Lille-
hoj, 2019). This type of research is conducted on oilseed
plants, e.g., camelina (Terpinc et al., 2012; Kumar et al.,
2017), flax (Gaafar et al.,, 2013; Palla et al., 2015;
Narender et al., 2016), or sunflower (Salgado et al.,
2012; Guo et al., 2017). Oilseeds contain large amounts
of fat, which is a certain limitation of the size of addition
thereof to feed mixtures for poultry (Zajac et al. 2020).
The fat is rich in fatty acids necessary for the proper
function of the organism, e.g., n-3 unsaturated fatty
acids, including e-linolenic acid (ALA), eicosapentae-
noic acid (EPA), and docosahexaenoic acid (DHA)
(Dodin et al., 2005). Additionally, polyunsaturated fatty
acids in feed can stimulate the development of a benefi-
cial population of intestinal microorganisms (Cani et al.,
2007). Oilseeds also contain phytochemicals, including
phytosterols, natural antioxidants, and bioactive carbo-
hydrates. The use of oilseeds in feed mixtures, e.g., sun-
flower or flax, optimizes blood lipid metabolism by
reducing low-density lipoprotein (LDL) cholesterol and
increasing high-density lipoprotein (HDL) cholesterol
(Meineri et al., 2018). Moreover, the potential ability of
plant sterols to regulate the phenomenon of multidrug
resistance (MDR) is investigated. It has been hypothe-
sized that phytosterols, which are compounds of natural
origin, may be an alternative to the known MDR modu-
lators (Furtula et al., 2013).

Addition of raw materials to feed mixtures does not
always yield desired production results in poultry farm-
ing (Zajac et al., 2020); therefore, the feed industry
more often applies modern processing of feed raw mate-
rials to increase their nutritional value and storage sta-
bility (Kiczorowska et al., 2019). Such processes
include e.g., micronization (Regulation of the UE Com-
mission, 2013), which contributes to reduction of the
diameter of feed material particles, thus increasing the
surface area of feed substances. This, in turn, acceler-
ates and improves their solubility, absorption, distribu-
tion, and bioavailability (Kiczorowska et al., 2016;
Speroni et al., 2019; Kuna-Broniowska et al., 2020).
Infrared irradiation applied in the micronization pro-
cess may also result in multidirectional modifications of

the chemical composition of the raw material, e.g., inac-
tivation of antinutritional substances, increased solubil-
ity of poorly bioavailable dietary fiber fractions,
gelatinization of starch, and complexation of basic
nutrients, such as protein, fat, and sugars (Deepa and
Hebbar, 2016; Kiczorowska et al., 2019; Dhiman and
Prabhakar, 2020). A prerequisite for achievement of
high nutritious value of feed material is individual
adjustment of process parameters to the physicochemi-
cal properties of the processed raw material (Chen
et al., 2018; Kuna-Broniowska et al., 2020).

The aim of the study was to determine the effect of
addition of micronized full-fat camelina, flax, or sun-
flower seeds in the diet of broilers on the performance
productivity, nutrient utilization, gastrointestinal tract
anatomy, and composition of the intestinal microbiota
and to assess the possibility of modification of the resis-
tance of isolated bacteria to chemotherapeutic agents
with different mechanisms of action.

MATERIALS AND METHODS

Oil Seeds, Experimental Design, and
Management

Raw camelina (Camelina sativa L. Crantz) Luna cv.,
flax (Linum L.) Opal cv., and dehulled sunflower (Heli-
anthus L.) Lech cv. were purchased in a specialist store
(Seed Centre, Lublin, Poland). All oilseeds were micron-
ized twice at a temperature of 180 °C for 60 s. The seeds
were heated with infrared rays emitted by an infrared
radiation generator with an ESC-1 infrared illuminator
panel with a power output of 400W (Elcer, Rzeszotary,
Poland). Temperature was measured on the surface of
the seeds with a Raynger ST60 infrared thermometer
(Raytek, Inc., Santa Cruz, CA).

Raw oilseeds and those micronized immediately after
the purchase were subjected to chemical analysis. Nine
random samples were collected from each batch of seeds
and analyzed in triplicate (250 g seeds/variety). The
content of basic chemical composition of raw and infra-
red-irradiated camelina, flax, and sunflower seeds was
determined according to standard AOAC procedures,
(2019). The nutrient content in the raw and processed
seeds is shown in Table 1.

Birds, Diets, and Experimental Design

The experiment was carried out with the approval
from the Second Local Ethics Committee at the Univer-
sity of Life Sciences in Lublin (No. 35/2015).

Two hundred 1-day-old broiler chickens (Ross 308,
Aviagen, Cracow, Malopolskie province, Poland) were
randomly assigned to 4 dietary treatments (Control,
camelina seeds [CAM.IR/, flax seeds [FLA.IR|, sun-
flower seeds [SUN.IR|) with 5 cages per treatment and
5 females and 5 males per cage. The body weight of the
1-day-old broiler chickens was 42.6 £ 0.1 g, and the
birds were reared in 1-m’cages. During the 6-wk
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Table 1. Basic composition of raw and micronized camelina, sunflower (dehulled), and flax seeds added to the feed.

Camelina Flax Sunflower
Component Raw  CAM.IR*> SEM’® P-value' Raw FLAIR® SEM® P-value’ Raw SUN.IR* SEM’  P-value’
Dry matter 862 948 5.18 0.157 917 975 4.34 0.067 849 978 6.26 0.167
Crude ash 43.1 41.5 0.13 0.331 38.3 36.2 0.19 0.206 35.1 34.6 0.24 0.203
Crude protein’ 246" 295% 2.15 0.027 205 201 2.05 0.098 241" 294* 1.85 0.041
Ether extract 393 402 3.32 0.125 446 418 2.31 0.124 531 534 2.92 0.109
Crude fiber 117 73.8" 0.75 0.016 81.2° 41.5° 0.57 0.023 22.3* 17.1° 0.43 0.018

Results of 9 samples in 3 replicates.
!Calculated by Kjeldhal nitrogen N x 6.25.
IR — infrared irradiation of oil seeds.
3SEM - standard error of the mean.

4P < 0.05; *Pstatistical differences.

experiment, the birds had unlimited access to feed and
water. Veterinary care was provided throughout the
experiment, and the air temperature and humidity were
maintained at levels recommended by Aviagen, (2014a).
The basal feed diets were made from cereal meal mid-
dlings (wheat and corn) and postextraction soybean
meal as recommended (Aviagen, 2014b). The broiler
chickens were fed 3 types of diets: starter (0 to 21 d),
grower (22 to 35 d), and finisher (36 to 42 d); the
detailed composition of the diets in each stage of animal

feeding is presented in Table 2. The same starter diet
was administered in all 4 groups. In the period 0—21 d
(starter), the birds achieved similar statistically insignif-
icant production parameters, e.g., average body weight
(BW) of approximately 648 g (P = 0.145), average daily
feed intake (ADFI) - average 58.4 g/d (P = 0.089),
body weight gain (BWG) - average 687.5 g/chicken
(P = 209), and feed conversion ratio (FCR) - average
1.64 kg/kg (P = 0.203) (Zajac et al., 2020). The values of
these production parameters were calculated as the

Table 2. Dietary ingredients and nutrient content in the experimental diets.

Diets’

Starter (0 to 21 d)

Grower (21 to 35 d) Finisher (35 to 42 d)

Component

Control CAM.IR FLA.IR SUN.IR Control CAM.IR FLA.IR SUN.IR Control CAM.IR FLA.IR SUN.IR

Diet composition, %

‘Wheat 20.0
Soybean meal, 46% CP* 39.4
Maize 30.04
Soybean oil 6.0
Camelina seeds®
Flax seeds®
Sunflower seeds®
Dicalcium phosphate 1.83
Limestone 1.20
NaCl 0.33
DL-Met" 0.36
L-Lys’ 0.34
Vitamin-mineral premix’ 0.50
Sum, % 100
Analyzed chemical

composition, g/kg
MEn, MJ /kg’ 12.45
Gross energy, MJ/kg 14.94
cp? 221.3
Lys 14.29
Met + Cys 10.51
Ca 9.84
P 6.61
Pnonphytate 4.81

23.0 23.0 23.0 23.0 27.0 27.0 27.0 27.0

35.7 28.9 30.9 30.4 31.3 25.3 27.3 26.8
30.0 29.03 27.03 2753  29.93 28.95 26.95  27.45

7.0 8.0
15.0 15.0
15.0 15.0

15.0 15.0
1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80
1.00 1.00 1.00 1.00 0.70 0.70 0.70 0.70
0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33
0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33
0.34 0.36 0.36 0.36 0.36 0.34 0.34 0.34
0.50 0.25 0.25 0.25 0.25 0.25 0.25 0.25

100 100 100 100 100 100 100 100

13.01 12.98 13.02 13.09  13.35 13.20 13.25 13.28
15.61 15.32 15.36 1545  16.29 16.37 16.43 16.47

209.2 206.2 205.1 207.8 1915 195.4 195.1 197.8
12.75 12.79 12.53 12.82  11.57 11.16 11.75 11.62
9.68 9.74 9.31 9.82 8.92 8.79 8.65 9.10
8.87 8.56 8.28 8.69 7.86 7.86 7.97 8.02
6.29 6.65 6.53 6.37 6.21 6.57 6.59 6.61
4.27 4.41 4.38 4.29 4.03 4.07 4.09 4.02

!Control — diet without oilseeds. CAM.IR — diet with 15% of infrared-irradiated camelina seeds. SUN.IR — diet with 15% of infrared-irradi-

ated sunflower seeds. FLA.IR - with 15 of infrared-irradiated flax seeds.

?CP — crude protein.
3IR - infrared irradiation.

*Evonik Degussa Gmbh. Essen. Germany (per kilogram of 990 g methionine).

5Ajinomoto Eurolysine S.A.S.. Amiens. France (per kilogram of 780 g lysine).

5Added minerals and vitamins per kg of starter diet: Mn. 100 mg; I. 1 mg; Fe. 40 mg; Zn. 100 mg; Se. 0.15 mg; Cu. 10 mg; vitamin A. 15.000 IU;
vitamin D3. 5.000 UT; vitamin E. 75 mg; vitamin K3. 4 mg; vitamin B1. 3 mg; vitamin B2. 8 mg; vitamin B6. 5 mg; vitamin B12. 0.016 mg; biotin.
0.2 mg; folic acid. 2 mg; nicotic acid. 60 mg; pantothenic acid. 18 mg; choline. 1.800 mg. Added minerals and vitamins per kg of grower diet: Mn.
100 mg; I. 1 mg; Fe. 40 mg; Zn. 100 mg; Se. 0.15 mg; Cu. 10 mg; vitamin A. 12.000 IU; vitamin D3. 5.000 UT; vitamin E. 50 mg; vitamin K3. 3 mg;
vitamin B1. 2 mg; vitamin B2. 6 mg; vitamin B6. 4 mg; vitamin B12. 0.016 mg; biotin. 0.2 mg; folic acid. 1.75 mg; nicotic acid. 60 mg; pantothenic
acid. 18 mg; choline. 1.600 mg. Added minerals and vitamins per kg of finisher diet: Mn. 100 mg; I. 1 mg; Fe. 40 mg; Zn. 100 mg; Se. 0.15 mg; Cu.
10 mg; vitamin A.12.000 IU; vitamin D3. 5.000 UI; vitamin E. 50 mg; vitamin K3. 2 mg; vitamin B1. 2 mg; vitamin B2. 5 mg; vitamin B6. 3 mg;
vitamin B12. 0.011 mg; biotin. 0.05 mg; folic acid. 1.5 mg; nicotic acid. 35 mg; pantothenic acid. 18 mg; choline. 1.600 mg.

"MEn = metabolizable energy in the mixtures corrected to zero nitrogen balance.
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mean of the measurements performed in all 4 groups.
After the first rearing period (starter), the birds were left
in their groups and entered the experimental grower and
starter period in the original division. No random selec-
tion of the birds before the beginning of the experimental
period was applied so as not to induce additional stress
in the birds. Additionally, the birds were not regrouped
on rearing d 22 due to their similar number in the cages,
which had not changed significantly, as low mortality at
the average level of 1.8% was observed in all groups.

From rearing d 22, the broilers were fed according to
the methodological design, with 15% of micronized oil-
seeds in the diets as an experimental factor: CAM.IR,
FLA.IR, and SUN.IR. The experimental mixtures were
isoenergetic and isonitrogenous and balanced in accor-
dance with the feeding recommendations for broiler
chickens (Aviagen, 2014b).

Productivity Parameters and Apparent
Utilization of Nutrients

For each cage, the final body weight of the broiler
chickens and the ADFI were recorded at 21, 35, and 42 d
of life. The BWG and FCR were calculated in the grower
and finisher periods. The mortality rates were recorded
daily. The weight of dead broiler chickens was included
in the calculations of the average weight gain, feed
intake, and FCR.

Feed utilization was evaluated in the finisher mixture
by direct balance on 64 birds in 4 replications of 4 birds —
16 birds from the control and each treatment at the final
fattening stage (Kussaibat and Leclercq, 1985). For 4 d,
the birds were habituated to the feed and droppings were
collected for the next 3 d. During the utilization experi-
ment, the amount of consumed feed and the amount of
droppings were determined. In the collected droppings,
the content of dry matter and organic matter was deter-
mined (AOAC, 2019), and the content of nitrogen was
determined according to Krogdahl and Dalsgard, (1981).
In each mixture, the basic nutrient utilization coefficients
and metabolic energy content were calculated based on
the difference in the amount of feed intake during the
experiment and the dry weight and chemical composition
of the droppings The dry matter and organic matter utili-
zation ratios and the content of nitrogen-corrected metab-
olizable energy were calculated for each mixture according
to formulas given in the European Table of Energy Values
for Poultry Feedstuffs (1986).

Twenty birds (2 hens and 2 cocks per pen) were
selected from every group for slaughter by decapitation
of stunned birds. The body weight of the birds was close
to the average body weight in the group (Ziotecki and
Doruchowski, 1989).

Sample Collection and Analysis of Microbial
Population Counts in the Small Intestine

Three samples of the small intestine from 5 chickens
per treatment (one chicken per cage) collected during

the dissection. Fragments of the intestine from the bile
duct outlet to Meckel's diverticulum and from Meckel's
diverticulum to the outlets of the ceca were excised from
the intestine. The samples were weighed (10 g each),
diluted with phosphate buffered saline (PBS), and
homogenized (Stomacher BagMixer 400; Interscience,
Breda, the Netherlands). Next, the supernatant samples
were fixed for 16 h at 4 °C in paraformaldehyde (Sigma-
Aldrich, Warsaw, Poland). The resultant suspension
was homogenized again with glass balls (3 mm) for
5 min (Merck, Darmstadt, Germany). Using centrifuga-
tion (5000 x g for 5 min at 4 °C), eukaryotic cells and
undigested feed were removed (MPW-350R; MPW Med-
ical Instruments, Warsaw, Poland). The resultant super-
natant was placed on white polycarbonate membrane
filters (pore size=0.2 um) (Milipore, Cork, Ireland) by
means of sterile filter units (Nalgene, Lima, OH). Sam-
ples for further analyses were stored at a temperature of
—20 °C. Using the fluorescent in situ hybridization
method, microorganisms were determined using group-
specific probes (Thermo Scientific, Ulm, Germany) for
the Bacteria domain, for Lactobacillus-Enterococcus
spp., and for Bifidobacterium spp. as described previ-
ously (Kiczorowska et al., 2016). The count of Escheri-
chia coli and Salmonella spp. in the small intestine was
determined by culturing colonies as described previously
(Kiczorowska et al., 2016a,b).

Identification of Enterobacteriaceae Taxa
From the Cecum and Cloaca

The material for microbiological analysis was col-
lected with sterile swabs once from 5 birds per treatment
(one chicken per cage) from the cecum (3 samples per
chicken) and from the cloaca (3 samples per chicken).
LB nutrient broth (BioMaxima, Lublin, Poland) incu-
bated at 37°C for 24 h was used for laboratory bacterial
culture. Next, the material was transferred to Salmo-
nella-Shigella (S-S) agar (BioMaxima, Lublin, Poland)
and the culture was grown at 37°C for 24 h. After incu-
bation on a selective medium, bacterial colonies of the
experimental isolates were selected for further identifica-
tion and analysis. All isolated strains were analyzed bio-
chemically. Each strain was tested using the commercial
API 20E kit (bioMérieux, Poland).

Tests of Sensitivity to Chemotherapeutics

The sensitivity to chemotherapeutic agents was deter-
mined with the disk-diffusion method developed by
Bauer, (1966) on Mueller-Hinton agar (BioMaxima,
Lublin, Poland) using Oxoid disks (Oxoid, Hampshire,
England). This method allowed rapid determination of
the efficacy of a chemotherapeutic agent by measuring
the diameter of the inhibition zone that resulted from dif-
fusion of the agent into the medium surrounding the
disk. The following chemotherapeutics were used for
determination of the drug sensitivity of the isolates:
chloramphenicol (C 30 ug/mL), tetracycline (TE 30 IU),
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trimethoprim /sulfamethoxazole (TMP/SXT
1.25 + 23.75 pg/mL), streptomycin (S 10 IU), nitrofur-
antoin (FM 300 IU), and ampicillin (AM at a concentra-
tion of 10 pg/mL). The plates were incubated at 37°C
for 24 h. After incubation, the plates were examined and
the diameters of the zone of complete inhibition were
observed. The results were interpreted as recommended
by the producer of the disks. The diameter of the inhibi-
tion zones was measured and expressed as sensitive (S),
medium sensitive (MS), and resistant (R) categories.

Statistical Analysis

Each cage served as an experimental unit for assess-
ment of the growth performance (weight gain, feed
intake, and FCR) (5 cages per treatment), and the val-
ues of nutrient utilization (4 replications of 4 birds), and
all microbiological analyses were calculated using a bird
sampled from each cage (5 birds per treatment) as an
experimental unit. Statistical analysis was performed
using Statistica software version 13.1 (Dell Inc., 2016).
The normality of data and homogeneity of variances
were tested using the Shapiro-Wilk and Brown-Forsythe
tests, respectively. The data obtained were analyzed sta-
tistically using treatments as an independent variable in
the general linear model (GLM) of one-way ANOVA
analysis of variance. Detailed comparisons between the
means were conducted using Tukey's HSD post hoc test.
Variability in the data was expressed as the SEM, and P
< 0.05 was considered to be statistically significant. The
antimicrobial susceptibility data are expressed as per-
centages (category: sensitive, medium sensitive, and
resistant) and differences between the treatments were

compared by the nonparametric x* test with Yates cor-
rection. P < 0.05 was considered statistically significant.

RESULTS

Chemical Composition of Raw and Infrared
Irradiation of Oil Seeds

The micronization process induced changes in the
basic chemical composition of the analyzed oilseeds
(Table 1). Significantly lower content of total protein, i.
e., on average by 20%, was determined in the processed
camelina (P = 0.027) and sunflower (P = 0.041) seeds,
in comparison with the raw material. Additionally, the
micronization process reduced the crude fiber content by
approx. 37% in the camelina seeds (P = 0.016), by 49%
in the flax seeds (P = 0.023), and by 23% in the sun-
flower seeds (P = 0.018) in relation to the unprocessed
seeds. No statistically significant differences were found
in the content of the other nutrients.

Productivity Parameters and Nutrient
Utilization

The addition of 15% of micronized oilseeds to the mix-
tures for broiler chickens did not have significant effect on
the BW, ADFI, BWG, and FCR in the grower period
(Table 3). The positive effects of the use of micronized
camelina and flax seeds were reflected by an average 9%
increase in the body weight of chickens in the CAM.IR
and FLA.IR treatments, compared with the control
(P = 0.035) in the 36 to 42 d period. Concurrently, a ca.

Table 3. Selected productivity parameters of broiler chicken and digestibility

of nutrients.!

Treatments”
Items Control ~ CAM.IR  FLAIR  SUN.IR SEM®  P-value’
21-35 d (grower period)
BW. g 1709 1824 1809 1796 55.7 0.131
ADFT. g/d 1112 1105 1094 1061 37.5 0.206
BWG®. g/chicken 1268 1311 1325 1293 4.35 0.144
FCR'. kg/kg 2.02 1.98 1.94 1.93 0.06 0.107
36—42 d (finisher period)
BW’. g 2425° 2651* 2631* 2574 68.2 0.035
ADFT. g/d 1397 1343 1351 1338 87.5 0.129
BWG". g/chicken 545 541 543 549 4.03 0.203
FCR'. kg/kg 1.98" 1.88%0 1.78° 1.86>  0.08 0.045
21-42 d (grower and finisher period)
BW?® g 2067" 2238" 2220* 2185 77.1 0.032
ADFI’. g/d 1255 1224 1223 1200 85.2 0.145
BWG'. g/chicken 907 926 934 921 5.15 0.484
FCR". kg/kg 2.03" 1.93% 1.94° 1.91° 0.23 0.019
Mortality. % 3.08" 2.12" 217" 2.07" 0.05 0.026

}Data represent the mean of 5 cages (10 broiler chickens/cage) per treatment.
2Control — diet without oilseeds. CAM.IR — diet with 15% of infrared-irradiated cam-
elina seeds. SUN.IR — diet with 15% of infrared-irradiated sunflower seeds. FLA.IR - with

15% of infrared-irradiated flax seeds.
3SEM - standard error of the mean.
4<0.05; *P statistical differences

"BW — average final body weight of period.

SADFI — average daily feed intake.
"BWG — body weight gain.
SFCR — feed conversion ratio.
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10% decrease in the FCR. value was noted in the CAM.IR
treatment (P = 0.045).

Throughout the experimental period (21—42 d), it
was found that the addition of 15% of the infrared-irra-
diated seeds had a positive effect on the body weight of
broiler chickens in the CAM.IR and FLA.IR treatments
(P =0.032) and the FCR value in the FLA.IR and SUN.
IR variants (P = 0.019). It also substantially reduced
the mortality rate by an average of 31% in the experi-
mental treatments (CAM.IR, FLA.IR, SUN.IR;
P = 0.026), compared with chickens receiving the stan-
dard mixture.

The addition of micronized plant seeds in the mixtures
for broiler chickens in the 21-35 d rearing period had a
positive effect on the utilization of crude protein, espe-
cially in the CAM.IR variant (P = 0.035), and organic
matter (P = 0.021) (Table 4). Significantly better utili-
zation of organic matter, i.e., on average by 7% com-
pared with the control treatment, was noted in the
group of broiler chickens fed with mixtures supple-
mented with infrared flax (FLA.IR) and sunflower
(SUN.IR) seeds. In the finisher period (36—42 d), there
was a beneficial effect of the supplementation of the feed
mixtures with the micronized oilseeds on organic matter
utilization (P = 0.017) in the FLA.IR treatment, in com-
parison with the control.

The Microbial Populations in the Small
Intestine

The bacterial counts determined in the small intesti-
nal contents at 42 d of the experiment are presented in
Table 5. The addition of the micronized oilseeds to the
diet mixtures had no significant effect (P > 0.05) on the
Lactobacillus and Enterococcus counts in the intestinal
contents. However, the counts of Fscherichia colitended
(P = 0.089) to decrease in all oilseeds treatments. In
turn, the inclusion of micronized camelina seeds (CAM.

IR) increased the counts of Bifidobacterium, compared
with the control treatment (P = 0.034). No Salmonella
spp. was isolated from the intestinal contents in any of
the treatments.

Enterobacteriaceae Taxa in the Caeca and
Cloaca of Broiler Chickens

The isolates obtained from the birds in all the treat-
ments belonged to Enterobacteriaceae and were repre-
sented by 10 and 9 taxa in the cecum and cloaca,
respectively (Table 6). Citrobacter freundii, Providencia
rettgeri, Citrobacter youngae, and Escherichia coli were
the most frequent taxa in the cecum, whereas Citro-
bacter freundii and FEscherichia coli were the predomi-
nant taxa in the cloaca. The present study showed the
greatest diversity of Enterobacteriaceae taxa in the con-
trol treatment material, i.e., 7 species were identified in
the cecum and 6 species were detected in the cloaca of
the control birds. The lowest number of Enterobacteria-
ceae taxa was isolated from the cecum of chickens in the
FLA.IR variant, i.e., only 4 species, whereas 6 species
were identified in the CAM.IR and SUN.IR treatments.
In turn, the analysis of the cloaca contents showed the
lowest number of Enterobacteriaceae taxa isolated from
the birds in the CAM.IR and SUN.IR groups, i.e., 3 spe-
cies in each variant, whereas 5 species were isolated in
the FLA.IR treatment. No Fscherichia coli bacteria
were detected in the cecum and cloaca isolates in the
CAM.IR variant.

Sensitivity of Enterobacteriaceae Strains to
Chemotherapeutics

The highest activity against the isolates obtained
from all the oilseed treatments was exhibited by nitro-
furantoin (100% of sensitive Enterobacteriaceae strains

Table 4. Apparent nutrient and energy utilization of broiler chicken mix-

tures %"

Treatments”
Components Control CAM.IR FLAIR SUNIR SEM’® P-value'
21-35d (grower)”
Dry matter 75.6 81.7 83.1 79.7 0.12 0.241
Crude protein® 74.3° 78.3% 77.2%0 76.4%°  0.24 0.035
Ether extract 74.1 71.4 69.6 70.5 0.13 0.168
Organic matter 81.6" 86.5" 87.3% 86.9* 0.11 0.021
Gross energy 87.6 85.3 86.9 83.3 0.09 0.253
36—42 d (finisher)’
Dry matter 82.3 85.4 86.1 84.9 0.21 0.231
Crude protein” 75.3 78.3 79.1 76.8 0.09 0.283
Ether extract 73.4 75.6 72.6 78.2 0.31 0.106
Organic matter 82.3" 88.52" 89.8% 857  0.14 0.017
Gross energy 86.3 87.1 90.5 89.6 0.08 0.135

'Data represent the mean of 5 cages (10 broiler chickens/cage) per treatment.

2Control — diet without oilseeds. CAM.IR — diet with 15% of infrared-irradiated
camelina seeds. SUN.IR — diet with 15% of infrared-irradiated sunflower seeds.
FLA.IR - with 15% of infrared-irradiated flax seeds.

3SEM - standard error of the mean.
4P < 0.05; *Pstatistical differences.

"Throughout the rearing cycle, the preparation and analysis of nutrient utiliza-
tion lasted 7 d and ended on the last d of rearing: 35 and 42d.
SCalculated by Kjeldhal nitrogen N x 6.25.
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Table 5. Effects of inclusion of micronized oilseeds on the small intestine microbial populations of broiler
chickens at d 42.'

Treatments”
Bacteria Control CAM.IR FLAIR SUN.IR SEM’ P-value'
Bacterial counts per g of intestinal contents (logy¢)
Lactobacillus and Enterococcus spp. 7.56 8.13 7.92 8.09 0.19 0.183
Bifidobacterium spp. 8.23" 8.99” 8.767" 842>  0.21 0.034
Escherichia coli 6.43 6.18 6.22 6.09 0.09 0.089
Salmonella spp. ND ND ND ND - -
Total count 10.1 9.78 9.56 9.83 0.24 0.112

Abbreviation: ND, not detected.

'"Data represent the mean of 5 broiler chickens per treatment.
2Control — diet without micronized oilseeds. CAM.IR — diet with 15% of micronized camelina seeds. FLA.IR - with
15% of micronized flax seeds. SUN.IR — diet with 15% of micronized sunflower seeds.

3SEM - standard error of the mean.
1P < 0.05. *Pstatistical differences.

from the cecum and cloaca) and chloramphenicol (70
—93% of sensitive Enterobacteriaceae strains isolated
from the cecum and 70—83% of strains identified in the
cloaca isolates). The lowest efficacy was determined for
streptomycin (87—100% of resistant strains from the
cecum and 90% to 100% of resistant strains from the clo-
aca) (Table 7). The present study showed slightly higher
chloramphenicol sensitivity of the cloaca isolates from
the oilseed treatments, compared with the control treat-
ment (P = 0.079).

In the CAM.IR and SUN.IR treatments, there were
higher counts of trimethoprim/sulfamethoxazole-resis-
tant Enterobacteriaceae strains, in comparison with the
control and FLAIR treatments (P < 0.05).

Table 6. Enterobacteriaceae taxa isolated from the cecum
and cloaca of broiler chickens at d 42."

2
Treatments”

Additionally, the highest proportion of ampicillin-resis-
tant Enterobacteriaceae isolated from the cecum and
cloaca was noted in the FLA.IR variant (80% and 77%
resistance, respectively) (P < 0.1). There were no signifi-
cant differences in the sensitivity between the strains iso-
lated from the cecum and cloaca, besides the evident
increase in tetracycline sensitivity of strains isolated
from the cloaca in the FLA.IR treatment (13% vs. 50%),
also compared with the control treatments (P = 0.054).
In all the treatments analyzed in the present study,
the Enterobacteriaceae strains derived from the cecum
exhibited the highest frequency of resistance to 2-3 of
the tested chemotherapeutic agents (60-77% of the
strain pool) (Table 8). In turn, a significant increase in
the number of sensitive strains isolated from the cloaca
was noted in the FLA.IR and SUN.IR treatments (60%
and 63% of the pool of strains resistant to 0-1 chemo-
therapeutic agents), compared with the CAM.IR and
control treatments (83% and 70% of the pool of strains

Species Control CAM.IR FLAIR SUNIR resistant to 2—3 chemotherapeutic agents).

Cecum

Cirobacter braakii + - - -

Clitrobacter freundii + +++ +++ +

Citrobacter youngae - ++ + + DISCUSSION

Escherichia coli + - ++ +

Bnterobacter cloacae + + - - Micronization reduces the size of feed particles, which

Enterobacter sakazaaki - + - + . . . . .

Klebsiella ozacnae i . . . improves their functional and physicochemical proper-

Kiebsiella pneumoniae - + - + ties, e.g., water retention, solubility, and antioxidant

Proteus mirabilit + - - - properties. It also helps in the preservation of feed by

Proteus penneri - - - - . . . . . e pelegs

Proteus vulgaris " ) ) inactivation of microorganisms or inhibition of enzymes.

Providencia rettgeri + ++ ++ + This treatment improves the microbiological safety of

Cloaca B processed feed and concurrently extends its storability

Clirobacter braakii —+ + - . .

Citrobacter freundii H . i S (Dhiman and Prabhaka, 2020; Kuna-Broniowska et al.,

Citrobacter youngae - - + - 2020). A tendency to increase the dry matter content

Escherichia coli + - ++ + has been noted in all the irradiated seeds. Micronization

Enterobacter cloacae - - - - ..

Enterobacter sakazaaki ] N ] " has also been found to reduce the level of total protein in

Klebsiella ozaenae - - - - irradiated oilseeds. This phenomenon poses a problem in

;flezm”a P"eg%lmt"m“e L ‘ - - most thermal processes used in feed processing
Toteus miraoit - - - . . .

Proteus penneri ) ) ) ) (Kiczorowska et al., 2019). Changes in the protein frac-

Proteus vulgaris | - - - tion may be associated with loss of amino acids. Lysine,

Providencia rettgers + - + - methionine, and cysteine are extremely sensitive to high

'Data represent the mean of 5 broiler chickens per treatment.
2Control — diet without micronized oilseeds. CAM.IR — diet with
15% of micronized camelina seeds. FLA.IR - with 15% of micronized
flax seeds. SUN.IR — diet with 15% of micronized sunflower seeds.
~ - Not detected. " - Single." " - Numerous. """ - Very numerous.

temperatures (Khattab et al., 2009). Besides poorly
digestible protein-fat complexes, melanoidins, i.e., vola-
tile products of the Maillard reaction responsible for the
smell and color of feed, are formed. An undisputable
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Table 7. Sensitivity of Enterobacteriaceae strains isolated
from the cecum and cloaca of broiler chickens at d 42 to chemo-

therapeutic agents %.'

ZAJACET AL.

Treatments”

Agent Control CAM.IR FLA.IR SUN.IR P-value
Cecum
Chloramphenicol

(30 ug/mL)*
S 70 90 70 93
MS 13 0 30 0 0.281
R 17 10 0 7
Tetracycline (30 TU)?
S 27 17 13 17
MS 50 53 60 53 0.954
R 23 30 27 30
Trimethoprim/

Sulfamethoxazole

(1.25 + 23.75 ng/

mL)?
S 87 0 7 7
MS 0 30 60 17 0.032
R 13 70 33 76
Streptomycin

(101UY*
S 30 3 0 0
MS 0 10 0 0 0.327
R 70 87 100 100
Nitrofurantoin

(300 TU)?
S 100 100 100 100
MS 0 0 0 0 1.000
R 0 0 0 0
Ampicillin

(10 pg/mL)’
S 17 27 0 0
MS 53 50 20 70 0.093
R 30 23 80 30
Cloaca
Chloramphenicol

(30 ug/mL)"*
S 70 83 7 70
MS 0 17 23 27 0.079
R 30 0 0 3
Tetracycline

(30 TU)?
S 26 27 50 7
MS 47 46 40 60 0.054
R 27 27 10 33
Trimethoprim/

Sulfamethoxazole

(1.25 + 23.75 ug/

mL)?
S 90 3 13 3
MS 0 27 57 27 0.029
R 10 70 30 70
Streptomycin

(10 TU)*
S 10 7 0 0
MS 10 3 0 0 0.514
R 80 90 100 100
Nitrofurantoin

(300 IU)*
S 53 100 100 100
MS 47 0 0 0 0.037
R 0 0 0 0
Ampicillin

(10 pg/mL)’

13 17 0 0

MS 77 50 23 60 0.085
R 10 33 7 40

Abbreviations: S, sensitive; MS, medium sensitive; R, resistant.

'Data represent the mean of 5 broiler chickens per treatment.
2Control — diet without micronized oilseeds. CAM.IR — diet with
15% of micronized camelina seeds. FLA.IR - with 15% of micronized flax
seeds. SUN.IR — diet with 15% of micronized sunflower seeds.
3Concentration of the chemotherapeutic on the disk.

Table 8. Resistance of Enterobacteriaceae strains isolated
from the cecum and cloaca of broiler chickens at d 42 to che-
motherapeutic agents (% of the strain pool).1

Number of
chemotherapeutics to which

: ; Treatments”
the isolated strains were

resistant Control CAM.IR FLA.IR SUN.IR
Cecum

0 7 7 3
1 13 13 20 20
2 60 63 43 33
3 17 10 30 27
4 3 7 7 10
5 0 0 0 0
6 0 0 0 0
Cloaca

0 20 3 0 7
1 10 7 63 53
2 63 50 30 20
3 7 33 7 17
4 0 7 0 3
5 0 0 0 0
6 0 0 0 0

'Data represent the mean of 5 broiler chickens per treatment.

2Control — diet without micronized oilseeds. CAM.IR — diet with
15% of micronized camelina seeds. FLA.IR - with 15% of micronized
flax seeds. SUN.IR — diet with 15% of micronized sunflower seeds.

advantage of this process is the inactivation of antimeta-
bolic protein compounds, e.g., cyanogenic glycosides,
linamarin in flax seeds, or protease inhibitors in camelina
seeds, the removal of which improves the nutritional use-
fulness of micronized seeds (Rehman and Shah, 2005;
Arrutia et al., 2020). All the tested oilseeds were also
characterized by reduced crude fiber content, which was
probably a result of the degradation of the cellulose and
hemicellulose polysaccharides to simple sugars. They are
more easily digested in the gastrointestinal tract of
monogastric animals; concurrently, they increase the
energy value of feed, which is desirable in poultry nutri-
tion (Aravind et al., 2012, Pedrosa et al., 2012).

The supplementation of the feed mixtures with micron-
ized oilseeds, especially camelina and flax seeds, exerted a
positive influence on the chicken body weight and the
FCR value, especially in the final rearing period. The
improvement of the rearing efficiency in the CAM.IR and
FLA.IR treatments may be associated with the better uti-
lization of organic matter and crude protein. Inactivation
of antinutritional substances, especially those that block
the availability of protein by infrared irradiation of the
feed, can stimulate the growth of birds at the beginning of
intensive muscle mass gain (Alonoso et al., 2000,
Abdollahi et al., 2011). Significantly lower mortality rates
in chickens receiving the mixtures with micronized oil-
seeds were demonstrated in the present study. A similar
phenomenon was observed by Parveen et al., (2016), who
supplemented feed mixtures for broiler chickens with
high-temperature processed flax seeds and observed an
increase in body weight, improved ADFI and FCR values,
and a significant reduction in chicken mortality (up to
1%), which was explained by lower contents of antinutri-
tional substances in the feed. Similarly, Feng et al., (2003)
have reported that processed flax seeds exhibit reduced
levels of cyanide and mucilage, which significantly
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improves their nutritional efficiency in poultry in terms of
actual utilization of nitrogen and energy (Shen et al.,
2005). Reduction of glucosinolates and trypsin inhibitors
achieved through micronization of camelina seeds has
been reported by Woyengo et al., (2017).

Adverse environmental factors have the greatest
impact on intestine development in the first rearing
period and may thus exert an unfavorable effect on the
overall performance and efficiency (Bar-Shira and Fried-
man, 2006). More mature broiler chickens also react neg-
atively to nutritional deficiencies or such dietary
components as antinutritional substances (Dibner et al.,
1996; Tako et al., 2004). The removal of e.g., antinutri-
tional components from the feed allows the intestinal
structures to develop optimally, ensuring achievement
of desired poultry production results (Loudon et al.,
2011; Lilburn and Loeffler, 2015).

The avian gastrointestinal tract is colonized by
diverse microbiota exerting a significant impact on
health and, consequently, on the production perfor-
mance through an influence on the physiology of diges-
tion and the immune system (Rubio et al., 2015;
Gong et al., 2019). Moreover, the beneficial microbiota
is involved in limitation and prevention of colonization
by intestinal pathogens through the process of competi-
tive exclusion and production of bacteriostatic and bac-
tericidal substances (Grela and Semeniuk, 1999).

The present study demonstrated that the addition of
micronized camelina, flax, and sunflower seeds to the
diets did not modify the counts of Lactobacillus and
Enterococcus in the small intestine microbial popula-
tions. However, a positive effect of camelina seeds on the
increase in the number of Bifidobacterium spp. was
noted. Bifidobacterium bacilli in humans and animals
adhere to the intestinal mucosa and produce mucin-
degrading enzymes, thus improving the tightness of the
intestinal mucosa via competition with other species on
the mucus layer (Pan and Yu, 2014). There are few
reports in the available literature on the possible modify-
ing effect of camelina on chicken intestinal microbiota.
Some investigations conducted on mice indicate that n-3
polyunsaturated fatty acids can modify the composition
of the intestinal microbiota by increasing the counts of
Bifidobacteria spp. (Cani et al., 2007; Kaliannan et al.,
2015). A previous study showed an increase in the count
of Bifidobacteria spp. upon inclusion of flax in the broiler
chicken diet; however, the changes were not significant,
and the seeds have substantial content of n-3 fatty acids
(Kiczorowska et al., 2019). Camelina seeds contain oli-
gosaccharides, i.e., raffinose and stachyose, which are
more commonly associated with legume seeds (Berhow
et al., 2014) and promote the growth of desired bacterial
microbiota, such as Bifidobacteria (Yazawa and
Tamura, 1982). Birds receiving the diet supplemented
with the micronized oilseeds exhibited reduced counts of
FEscherichia coli in the small intestine contents, which
may indicate sensitivity of these microorganisms to such
active substances with antibacterial properties as cama-
lexin, phenols, phytic acid, glucosinolates present in
camelina seeds (Terpinc et al., 2012; Kumar et al.,

2017), phenolic acid, flavonoids, and lignans contained
in flax seeds (Gaafar et al., 2013; Palla et al., 2015;
Narender et al., 2016), or tannins, saponins, glycosides,
alkaloids, and phenolic compounds present in sunflower
seeds (Salgado et al., 2012; Guo et al., 2017).

The intestinal microbial populations are present in the
entire gastrointestinal tract of broiler chickens. Its taxo-
nomic composition is determined by various modifying
factors, i.e., the colonized segment of the gastrointestinal
tract, the age of the animal, nutrition, breeding methods
and environments, and potential exposure to chemother-
apeutic agents (Clavijo and Flérez, 2018). The cecum is
an especially important site of functional activity due to
the slower flow of intestinal contents than in other intes-
tine segments and the highest water absorption and fer-
mentation of carbohydrates, which significantly
increases the taxonomic diversity of microbiota that is
important for health and production performance
(Pan and Yu, 2014; Rubio et al., 2015). Undesirable
microbiota, especially from the Enterobacteriaceae fam-
ily such as FEscherichia and Salmonella, can also be
found in the cecum in certain conditions (Mon et al.,
2015). In the present study, the isolates from birds in
the oilseed treatments were represented by up to 7 taxa
of Enterobacteriaceae in the cecum and cloaca. How-
ever, a greater diversity of bacterial taxa was noted in
the material from the control treatments. Citrobacter
freundii, Providencia rettgeri, Citrobacter youngae, and
Escherichia coli were identified in the cecum most fre-
quently, whereas Citrobacter freundii and Escherichia
coli were predominant in the cloaca. The isolated taxa
have pathogenic potential and, in certain conditions,
may pose a threat to human and animal health and have
high epidemic importance (Pepperell et al., 2002;
Chuang et al., 2006; Oakley et al., 2014; Osman et al.,
2018; Silva et al., 2019). In this study, the supplementa-
tion of the diet for broiler chickens with the micronized
oilseeds limited the number of isolated Enterobacteria-
ceae taxa both in the cecum and in the cloaca. Impor-
tantly, no FEscherichia coli bacteria were detected in the
cecum and cloaca contents in the experimental variant
supplemented with the micronized camelina seeds. The
limited growth and diversity of FEnterobacteriaceae
strains in the cecum and cloaca of birds receiving
micronized seeds may indicate sensitivity of the other
taxa to the antimicrobial properties of active substances
contained in this additive, which was observed in the
small intestine to some extent. Substances with docu-
mented antibacterial properties include polyunsaturated
fatty acids, whose high contents have been detected in
all seeds used in the experiment (McGaw et al., 2002;
Kaithwas et al., 2011), antimicrobial peptides (de Souza
Candido et al., 2014), or lignans contained in flax seeds
(Schmidt et al., 2012; Gaafar et al., 2013; Narender
et al., 2016). The higher percentage of Enterobacteria-
ceae strains in the isolates from the CAM.IR and SUN.
IR treatments showing resistance to Trimethoprim/Sul-
famethoxazole indicates a possible effect/interaction of
factors associated with the components and chemical
composition of the feed. These results indicate, however,
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that it is still necessary to conduct further research in
this field.

The increasing prevalence of multi-resistant strains is a
clinical and epidemiological problem. The misuse and
excessive use of veterinary antibiotics have contributed to
the development of bacterial resistance (Yang et al.,
2019). In the present study, the strains of all taxa isolated
from the cecum and cloaca of all studied birds were char-
acterized by relatively high homogeneity of biochemical
features. The analysis of drug resistance of the Enterobac-
teriaceae isolates from all oilseed treatments revealed the
highest efficacy of nitrofurantoin and chloramphenicol
and the lowest effectiveness of streptomycin. The higher
resistance to streptomycin, which is one of the oldest che-
motherapeutic agents, may be related to its long-term use
before the introduction of fluoroquinolones in human and
veterinary medicine (Ojo et al., 2012). Similarly, the
increased resistance to trimethoprim/sulfamethoxazole
observed in the CAM.IR and SUN.IR treatments may be
associated with the fact that trimethoprim, sulfonamides,
or trimethoprim-sulfonamide combinations are also a
group of long-used chemotherapeutic agents, and micro-
organisms have evolved various resistance mechanisms
associated with mutations in chromosomal and plasmid
genes (Then, 1982; Stecher et al., 2011). In the present
study, resistance to 2-3 chemotherapeutic agents was
most frequently exhibited by the FEnterobacteriaceae
strains isolated from the cecum. The resistance of Entero-
bacteriaceae bacteria to antimicrobial drugs may be an
important sign of the presence of resistant strains in the
bacterial environment (Ojo et al., 2012). In the case of
chickens fed the diet supplemented with micronized flax
and sunflower seeds, the isolates from the cloaca were rep-
resented by an increased number of strains that were sen-
sitive to all the chemotherapeutic agents. The possible
influence of the diet or other environmental factors on the
expression or inhibition of chemotherapeutic resistance
traits in bacteria isolated from farm animals is a current
epidemiological and clinical problem. At present, various
multidirectional strategies are employed to reduce bacte-
rial resistance in poultry production. They mainly involve
bans on the application of antibiotic growth promoters
(AGP), replacement of AGP with new feeds and feed
additives, increased biosecurity, or optimization of man-
agement in specific areas of poultry production
(Gheisar and Kim, 2018; Kim and Lillehoj, 2019;
Yadav and Jha, 2019).

CONCLUSIONS

The supplementation of diets for broiler chickens with
micronized camelina and flax seeds can improve body
weight in the final rearing stage and significantly reduce
the FCR value by increasing the utilization of total pro-
tein and organic matter in feed. Concurrently, it contrib-
utes to reduction of mortality rates throughout the
chicken rearing period.

The infrared-irradiated camelina seeds added to the
feed mixture also improve the balance of intestinal

microbial populations by increasing the population of
Bifidobacteria spp. The taxa of the Enterobacteriaceae
family isolated from the gastrointestinal tract of the ana-
lyzed chickens may pose a serious epidemiological prob-
lem in suitable conditions. The research results indicate
that micronized oilseeds decrease the diversity of poten-
tially pathogenic Enterobacteriaceae in the cecum and
cloaca in broiler chickens, and flax and sunflower seeds
reduce the number of multi-resistant strains.

In summary, the addition of micronized camelina, flax,
and sunflower seeds to broiler chicken diets can be consid-
ered an effective nutritional strategy improving the effec-
tiveness of rearing by positive modification of the
intestinal microbial populations and enhancement of bac-
terial sensitivity to selected chemotherapeutic agents.

ACKNOWLEDGMENTS

The study was conducted under the scientific program
of the Institute Animal Nutrition and Bromatology,
University of Life Sciences in Lublin (Poland) and
Greenland Technologia EM sp. z 0.0.(Poland) (UoPD, z
dn.5.11.2018; No. ZI1Z/U-97/ZIR /2020)

DISCLOSURES

No potential conflict of interest was reported by the
authors.

REFERENCES

Abdollahi, M. R., V. Ravindran, T. J. Western, G. Ravindran, and
D. V. Thomas. 2011. Influence of feed form and conditioning tem-
perature on performance, apparent metabolisable energy and ileal
digestibility of starch and nitrogen in broiler starters fed wheat-
based diet. Anim. Feed Sci. Technol. 168:88-99.

Alonoso, R., A. Aguirre, and F. Marzo. 2000. Effects of extrusion and
traditional processing methods on antinutrients and in vitro
digestibility of protein and starch in faba and kidney beans. Food
Chem. 68:159-165.

AOAC. 2019. Association of Official Analytical Chemists. Official
Methods of Analysis. 21th ed. Assoc. Off. Anal. Chem. Int. Gai-
thersburg, MD.

Aravind, A., M. Sissons, N. Egan, and Ch. Fellow. 2012. Effect of
insoluble dietary fibre addition on technological, sensory, and
structural properties of durum wheat spaghetti. Food Chem.
130:299-309.

Arrutia, F., E. Binner, P. Williams, and K. W. Waldron. 2020. Oil-
seeds beyond oil: Press cakes and meals supplying global protein
requirements. Trends Food Sci. Technol. 100:88-102.

Aviagen. 2014a. Ross Broiler Management Handbook. Accessed Sept.
2019. http://en.aviagen.com/assets/Tech Center/Ross Broiler
Ross-Broiler-Handbook-2014i-EN.pdf.

Aviagen. 2014b. Ross 308 Broiler: Nutrition Specifications. Accessed
Sept. 2019. http://en.aviagen.com/assets/Tech Center/Ross
Broiler /Ross308BroilerNutritionSpecs2014-EN.pdf.

Bar-Shira, E., and A. Friedman. 2006. Development and adaptations
of innate immunity in the gastrointestinal tract of the newly
hatched chick. Dev. Comp. Immunol. 30:930-941.

Bauer, A. W. 1966. Antibiotic susceptibility testing by a standardized
single disc method. Am. J Clin. Pathol. 45:149-158.

Berhow, M., S. Vaughn, B. Moser, D. Belenli, and U. Polat. 2014.
Evaluating the phytochemical potential of Camelina: An emerging
new crop of old world origin. In Phytochemicals — Biosynthesis,
Function and Application. Recent Advances in Phytochemistry.
vol 44. R. Jetter, ed. Springer, Cham, Switzerland.


http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0001
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0002
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0002
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0002
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0002
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0003
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0003
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0003
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0004
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0005
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0005
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0005
http://en.aviagen.com/assets/Tech_Center/Ross_Broiler/Ross-Broiler-Handbook-2014i-EN.pdf
http://en.aviagen.com/assets/Tech_Center/Ross_Broiler/Ross-Broiler-Handbook-2014i-EN.pdf
http://en.aviagen.com/assets/Tech_Center/Ross_Broiler/Ross308BroilerNutritionSpecs2014-EN.pdf
http://en.aviagen.com/assets/Tech_Center/Ross_Broiler/Ross308BroilerNutritionSpecs2014-EN.pdf
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0008
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0008
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0008
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0009
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0009

CHICKENS FED MICRONIZED OILSEEDS 11

Binek, M., A. A. Cisek, M. Rzewuska, D. Chrobak-Chmiel,
1. Stefanska, I., and M. Kizerwetter-Swida. 2017. Chicken intestinal
microbiome: Development and function. Med. Wet. 73:618-625.

Cani, P. D., A. M. Neyrinck, F. Fava, C. Knauf, R. G. Burcelin,
K. M. Tuohy, G. R. Gibson, and N. M. Delzenne. 2007. Selective
increases of bifidobacteria in gut microflora improve high-fat-diet-
induced diabetes in mice through a mechanism associated with
endotoxaemia. Diabetologia 50:2374-2383.

Chen, T., M. Zhang, B. Bhandari, and Z. Yang. 2018. Micronization
and nanosizing of particles for an enhanced quality of food: A
review. Crit. Rev. Food Sci. Nutr. 58:993-1001.

Chuang, Y., S. Tseng, L. Teng, Y. Ho, and P. Hsueh. 2006. Emer-
gence of cefotaxime resistance in Citrobacter freundii causing nec-
rotizing fasciitis and osteomyelitis. J. Infect. 53:161-163.

Clavijo, V., and M. J. V. Flérez. 2018. The gastrointestinal micro-
biome and its association with the control of pathogens in broiler
chicken production: a review. Poult. Sci. 97:1006-1021.

de Souza Candido, E., M. H. e Silva Cardoso, D. A. Sousa,
J. C. Viana, N. G. de Oliveira-Junior, V. Miranda, and
O. L. Franco. 2014. The use of versatile plant antimicrobial pepti-
des in agribusiness and human health. Peptides 55:65-78.

Deepa, C., and H. U. Hebbar. 2016. Effect of high-temperature short-
time ‘micronization’of grains on product quality and cooking char-
acteristics. Food Eng. Rev. 8:201-213.

Dell Inc. 2016. Dell Statistica (data analysis software system), version
13, Accessed May 2021. software.dell.com.

Dhiman, A., and P. K. Prabhakar. 2020. Micronization in food proc-
essing: A comprehensive review of mechanistic approach, physico-
chemical, functional properties and self-stability of micronized
food materials. J. Food Eng. 292:110248.

Dibner, J. J., M. L. Kitchell, C. A. Atwell, and F. J. Ivey. 1996. The
effect of dietary ingredients and age on the microscopic structure of
the gastrointestinal tract in poultry. J. Appl. Poult. Res. 5:70-77.

Dodin, S., A. Lemay, H. Jacques, F. Légaré, J. C. Forest, and
B. Masse. 2005. The effects of flaxseed dietary supplement on lipid
profile, bone mineral density, and symptoms in menopausal
women: A randomized, double-blind, wheat germ placebo-con-
trolled clinical trial. J. Clin. Endocrinol. Metab. 90:1390-1397.

European Table of Energy Values for Poultry Feedstuffs. 1986. Sub-
committee Energy of the Working Group no. 2. Nutrition of the
European Federation of Branches of the World’s Poultry Science
Association. (1st ed.). Wageningen, the Netherlands.

Feng, D., Y. Shen, and E. R. Chavez. 2003. Effectiveness of different
processing methods in reducing hydrogen cyanide content of flax-
seed. J. Sci. Food Agric. 83:836-841.

Furtula, V., C. R. Jackson, E. G. Farrell, J. B. Barrett, L. M. Hiott,
and P. A. Chambers. 2013. Antimicrobial resistance in Enterococ-
cus spp. isolated from environmental samples in an area of inten-
sive poultry production. Int. J. Environ. Res. Public Health
10:1020-1036.

Gaafar, A. A., Z. A. Salama, M. S. Askar, D. M. El-Hariri, and
B. A. Bakry. 2013. In vitro antioxidant and antimicrobial activities
of lignan flax seed extract (Linum usitatissimum, L.). Int. J.
Pharm. Sci. Rev. Res. 47:291-297.

Gheisar, M. M., and I. H. Kim. 2018. Phytobiotics in poultry and
swine nutrition — a review. Ital. J. Anim. Sci. 17:92-99.

Gong, Y., H. Yang, X. Wang, W. Xia, W. Lv, Y. Xiao, and
X. Zou. 2019. Early intervention with cecal fermentation broth
regulates the colonization and development of gut microbiota in
broiler chickens. Front. Microbiol. 10:1422.

Grela, E. R., and W. Semeniuk. 1999. Probiotics in animal produc-
tion. Med. Wet. 55:222-228.

Guo, S., Y. Ge, and K. N. Jom. 2017. A review of phytochemistry,
metabolite changes, and medicinal uses of the common sunflower
seed and sprouts (Helianthus annuus L.). Chem. Cent. J. 11:1-10.

Kaithwas, G., A. Mukerjee, P. Kumar, and D. K. Majumdar. 2011.
Linum usitatissimum (linseed /flaxseed) fixed oil: antimicrobial
activity and efficacy in bovine mastitis. Inflammopharmacol
19:45-52.

Kaliannan, K., B. Wang, X. Y. Li, K. J. Kim, and J. X. Kang. 2015. A
host-microbiome interaction mediates the opposing effects of
omega-6 and omega-3 fatty acids on metabolic endotoxemia. Sci.
Rep. 5:11276.

Khattab, R. Y., S. D. Arntfield, and C. M. Nyachoti. 2009. Nutri-
tional quality of legume seeds as affected by some physical

treatments, Part 1: Protein quality evaluation. LWT-Food Sci.
Technol. 42:1107-1112.

Kiczorowska, B.; A. R. M. Al-Yasiry, W. Samoliriska, A. Marek, and
E. Pyzik. 2016a. The effect of dietary supplementation of the
broiler chicken diet with Boswellia serrata resin on growth perfor-
mance, digestibility, and gastrointestinal characteristics, morphol-
ogy, and microbiota. Livest. Sci. 191:117-124.

Kiczorowska, B., W. Samolinska, and D. Andrejko. 2016. Effect of
micronized pea seeds (Pisum sativum L.) as a substitute of soybean
meal on tissue fatty acid composition and quality of broiler chicken
meat. Anim. Sci. J. 87:1396-1406.

Kiczorowska, B., W. Samolinska, A. R. M Al-Yasiry, and
D. Kowalczyk-Pecka. 2016b. Effect of Boswellia serrata dietary
supplementation on growth performance, gastrointestinal micro-
flora, and morphology of broilers. Ann. Anim. Sci. 16:835-849.

Kiczorowska, B., W. Samoliniska, D. Andrejko, P. Kiczorowski,
Z. Antoszkiewicz, M. Zajac, A. Winiarska-Mieczan, and
M. Bakowski. 2019. Comparative analysis of selected bioactive
components (fatty acids, tocopherols, xanthophyll, lycopene, phe-
nols) and basic nutrients in raw and thermally processed camelina,
sunflower, and flax seeds (Camelina sativa L. Crantz, Helianthus
L., and LinumL.). J. Food Sci. Technol. 56:4296-4310.

Kiczorowska, B., W. Samoliniska, A. Al-Yasiry, P. Kiczorowski, and
A. Winiarska-Mieczan. 2017. The natural feed additives as immu-
nostimulants in monogastric animal nutrition — a review. Ann.
Anim. Sci. 17:605-625.

Kim, W. H., and H. S. Lillehoj. 2019. Immunity, immunomodulation,
and antibiotic alternatives to maximize the genetic potential of
poultry for growth and disease response. Anim. Feed Sci. Tech.
250:41-50.

Krogdahl, A., and B. Dalsgard. 1981. Estimation of nitrogen digest-
ibility in poultry: content and distribution of major urinary nitro-
gen compounds in excreta. Poult. Sci. 60:2480-2485.

Kumar, K., S. M. Gupta, M. C. Arya, and M. Nasim. 2017. In Vitro
antimicrobial and antioxidant activity of camelina seed extracts as
potential source of bioactive compounds. Proc. Natl. Acad. Sci.,
India, Sect. B Biol. Sci. 87:521-526.

Kuna-Broniowska, 1., A. Blicharz-Kania, D.  Andrejko,
A.  Kubik-Komar, Z. Kobus, A. Pecyna, M. Stoma,
B. Slaska-Grzywna, and L. Rydzak. 2020. Modelling water absorp-
tion in micronized lentil seeds with the use of peleg’s equation. Sus-
tainability 12:261.

Kussaibat, R., and B. Leclercq. 1985. A simplified rapid method for
the determination of apparent and true metabolizable energy val-
ues of poultry feed. Archiv Fur Geflugelkunde 49:54-62.

Lilburn, M. S., and S. Loeffler. 2015. Early intestinal growth and
development in poultry. Poult. Sci 94:1569-1576.

Loudon, A. H., R. Shanmugasundaram, M. S. Lilburn, and
R. K. Selvaraj. 2011. Intestinal physiology and regulatory T cell
response to immediate or delayed access to feed and water in Pekin
ducklings. Poult. Sci. 90:2041-2046.

McGaw, L. J., A. K. Jager, and J. Van Staden. 2002. Antibacterial
effects of fatty acids and related compounds from plants. S. Afr. J.
Bot. 68:417-423.

Meineri, G., E. Longato, and P. G. Peiretti. 2018. Effects of diets con-
taining linseed oil or lard and supplemented with pumpkin seeds
on oxidative status, blood serum metabolites, growth performance,
and meat quality of naked neck chickens. Can. J. Anim. Sci.
98:607-618.

Miranda, J. M., M. Guarddon, B. I. Vazquez, C. A. Fente,
J. Barros-Velazquez, A. Cepeda, and C. M. Franco. 2008. Antimi-
crobial resistance in FEnterobacteriaceae strains isolated from
organic chicken, conventional chicken and conventional turkey
meat: A comparative survey. Food Control 19:412-416.

Mon, K. K., P. Saelao, M. M. Halstead, G. Chanthavixay,
H. C. Chang, L. Garas, E. A. Maga, and H. Zhou. 2015. Salmonella
enterica serovars Enteritidis infection alters the indigenous micro-
biota diversity in young layer chicks. Front. Vet. Sci. 2:61.

Narender, B. R., S. Tejaswini, M. Sarika, N. Karuna, R. Shirisha, and
S. Priyanka. 2016. Antibacterial and antifungal activities of Linum
usitatissimum (Flax seeds). Int. J Pharm. Educ. Res. 3:4-8.

Oakley, B. B., H. S. Lillehoj, M. H. Kogut, W. K. Kim, J. J. Maurer,
A. Pedroso, M. D. Lee, S. R. Collett, T. J. Johnson, and
N. A. Cox. 2014. The chicken gastrointestinal microbiome. FEMS
Microbiol. Lett. 360:100-112.


http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0011
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0011
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0011
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0011
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0011
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0012
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0012
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0012
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0012
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0012
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0013
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0013
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0013
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0014
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0014
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0014
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0015
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0015
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0015
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0015
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0016
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0017
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0017
http://software.dell.com
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0019
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0020
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0021
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0022
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0022
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0022
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0022
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0023
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0023
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0023
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0024
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0024
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0024
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0024
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0024
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0025
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0025
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0025
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0025
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0026
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0026
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0027
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0027
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0027
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0027
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0028
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0028
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0029
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0029
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0029
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0030
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0030
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0030
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0030
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0031
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0031
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0031
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0031
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0032
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0032
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0032
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0032
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0033
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0034
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0034
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0034
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0034
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0034
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0035
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0035
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0035
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0035
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0035
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0036
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0037
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0037
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0037
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0037
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0037
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0038
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0038
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0038
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0038
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0039
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0039
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0039
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0040
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0040
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0040
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0040
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0041
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0041
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0041
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0041
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0041
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0041
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0042
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0042
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0042
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0043
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0043
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0044
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0044
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0044
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0044
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0045
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0045
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0045
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0045
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0046
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0046
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0046
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0046
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0046
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0047
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0047
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0047
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0047
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0047
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0048
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0048
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0048
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0048
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0049
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0049
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0049
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0050
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0050
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0050
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0050

12 ZAJACET AL.

Ojo, Oe., G. O. Olatunde, A. Michael, O. James, O. K. Olugbenga,
and A. O. Mufutau. 2012. Antibiogram of Enterobacteriaceae
from free-range chickens. Vet. Archiv. 82:577-589.

Osman, K. M., A. D. Kappell, M. Elhadidy, F. ElMougy,
W. A, Abd El-Ghany, A. Orabi, F. Mougy EI
W. A. El-Ghany Abd, A. Orabi, A. S. Mubarak, T. M. Dawoud,
H. A. Hemeg, I. M. I. Moussa, A. M. Hessain, and
H. M. Y. Yousef. 2018. Poultry hatcheries as potential reservoirs
for antimicrobial-resistant Escherichia coli: a risk to public health
and food safety. Sci. Rep. 8:1-14.

Palla, A. H., N. A. Khan, S. Bashir, N. ur-Rehman, J. Igbal, and
A-H. Gilani. 2015. Pharmacological basis for the medicinal use of
Linum wusitatissimum (Flaxseed) ininfectious and non-infectious
diarrhea. J. Ethnopharmacol. 160:61-68.

Pan, D., and Z. Yu. 2014. Intestinal microbiome of poultry and its
interaction with host and diet. Gut Microbes 5:108-119.

Parveen, R., M. I. Khan, F. M. Anjum, and M. A. Sheikh. 2016. Inves-
tigating potential roles of extruded flaxseed and a-tocopherol ace-
tate supplementation for production of healthier broiler meat. Br.
Poult. Sci. 57:566-575.

Paterson, D. L. 2006. Resistance in gram-negative bacteria: Entero-
bacteriaceae. Am. J. Med. 119:6A, 20-28.

Pedrosa, M. M., C. Cuadrado, C. Burbano, K. Allaf, J. Haddad,
E. Gelencsér, K. Takacs, E. Guillamén, and M. Muzqui. 2012.
Effect of instant controlled pressure drop on the oligosaccharides,
inositol phosphates, trypsin inhibitors and lectins contents of dif-
ferent legumes. Food Chem. 131:862-868.

Pepperell, C., J. V. Kus, M. A. Gardam, A. Humar, and
L. L. Burrows. 2002. Low-virulence citrobacter species encode
resistance to multiple antimicrobials. Antimicrob. Agents Chemo-
ther. 46:3555-3560.

Regulation of the UE Commission. 2013. No. 68, 16.01.2013r on the
catalog of feed materials. Accessed September 2019. https://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2013:029:
0001:0064:EN:PDF.

Rehman, Z. U., and W. H. Shah 2005. Thermal heat processing effects
on antinutrients, protein and starch digestibility of food legumes.
Food Chem. 91:327-331.

Rubio, L. A., M. J. Peinado, R. Ruiz, E. Sudrez-Pereira,
C. Ortiz Mellet, and J. M. Garcia Fernandez. 2015. Correlations
between changes in intestinal microbiota composition and perfor-
mance parameters in broiler chickens. J. Anim. Physiol. Anim.
Nutr. 99:418-423.

Salgado, P. R., M. E. Lopez-Caballero, M. C. Gdémez-Guillén,
A. N. Mauri, and M. P. Montero. 2012. Exploration of the antioxi-
dant and antimicrobial capacity of two sunflower protein concen-
trate films with naturally present phenolic compounds. Food
Hydrocoll. 29:374-381.

Schmidt, T. J., M. Klaes, and J. Sendker. 2012. Lignans in seeds of
Linum species. Phytochemistry 82:89-99.

Sergeant, M. J., Ch. Constantinidou, T. A. Cogan, M. R. Bedford,
Ch. W. Penn, and M. J. Pallen. 2014. Extensive microbial and

functional diversity within the chicken cecal microbiome. PLoS
ONE 9:€91941.

Shen, Y., D. Feng, T. F. Oresanya, and E. R. Chavez. 2005. Fatty
acid and nitrogen utilization of processed flaxseed by adult chick-
ens. J. Sci. Food Agricult. 85:1137-1142.

Silva, N., I. Carvalho, C. Currie, M. Sousa, and G. Igrejas. 2019.
Extended-spectrum-g-lactamase and carbapenemase-producing
Enterobacteriaceae in food-producing animals in Europe: An
Impact on Public Health? Antibiotic Drug Resistance 261-273.

Speroni, C. S., J. Stiebe, D. R. Guerra, A. B. B. Bender, C. A. Ballus,
D. R. dos Santos, F. D. P. Morisso, L. P. Silva, and
T. Emanuelli. 2019. Micronization and granulometric fractionation
improve polyphenol content and antioxidant capacity of olive
pomace. Ind. Crops Prod. 137:335-347.

Stecher, B., R. Denzler, L. Maier, F. Bernet, M. J. Sanders,
D. J. Pickard, M. Barthel, A. M. Westendorf, K. A. Krogfelt,
A. W. Walker, M. Ackermann, U. Dobrindt, N. R. Thomson, and
W. D. Hardt. 2011. Gut inflammation can boost horizontal gene
transfer between pathogenic and commensal enterobacteriaceae.
Proc. Natl. Acad. Sci. USA 109:1269-1274.

Tako, E., P. R. Ferket, and Z. Uni. 2004. Effects of in ovo feeding
of carbohydrates and beta-hydroxy-beta-methylbutyrate on the
development of chicken intestine. Poultry Sci. 83:2023-2028.

Terpinc, P., T. Polak, D. Makue, N. P. Ulih, and
H. Abramovic. 2012. The occurrence and characterisation of phe-
nolic compounds in Camelina sativa seed, cake and oil. Food
Chem. 131:580-589.

Then, R. L. 1982. Mechanisms of resistance to trimethoprim, the sul-
fonamides, and trimethoprim-sulfamethoxazole. Rev. Infect. Dis.
4:261-269.

Woyengo, T. A., E. Beltranena, and R. T. Zijlstra. 2017. Effect of
anti-nutritional factors of oilseed co-products on feed intake of pigs
and poultry. Anim. Feed Sci. Technol. 233:76-86.

Yadav, S., and R. Jha. 2019. Strategies to modulate the intestinal
microbiota and their effects on nutrient utilization, performance,
and health of poultry. J Anim. Sci. Biotechnol. 10:2.

Yang, Y, A. J. Ashworth, C. Willett, K. Cook, A. Upadhyay,
P. R. Owens, S. C. Ricke, J. M. DeBruyn, and
P. A. Moore Jr. 2019. Review of antibiotic resistance, ecology, dis-
semination, and mitigation in U.S. broiler poultry systems. Front.
Microbiol. 10:2639.

Yazawa, K., and Z. Tamura. 1982. Search for sugar sources for selective
increase of bifidobacteria. Bifidobacteria and Microflora 1:39-44.

Zajac, M., B. Kiczorowska, W. Samolinska, and R. Klebaniuk. 2020.
Inclusion of camelina, flax, and sunflower seeds in the diets for broiler
chickens: apparent digestibility of nutrients, growth performance,
health status, and carcass and meat quality traits. Animals 10:321.

Ziotecki, J., and W. Doruchowski 1989. The Method of Assessment of
Slaughter Poultry (in Polish). COBRD Publishing, Poznaii. Poland.

Zhou, W.; Y. Wang, and J. Lin. 2012. Functional cloning and charac-
terization of antibiotic resistance genes from the chicken gut micro-
biome. Appl. Envir. Microbiol. 78:3028-3032.


http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0051
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0051
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0051
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0052
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0052
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0052
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0052
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0052
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0052
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0052
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0053
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0053
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0053
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0053
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0054
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0054
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0055
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0055
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0055
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0055
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0055
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0056
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0056
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0057
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0057
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0057
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0057
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0057
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0057
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0057
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0057
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0058
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0058
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0058
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0058
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2013:029:0001:0064:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2013:029:0001:0064:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2013:029:0001:0064:EN:PDF
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0060
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0060
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0060
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0061
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0061
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0061
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0061
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0061
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0061
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0061
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0062
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0062
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0062
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0062
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0062
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0062
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0062
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0062
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0063
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0063
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0064
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0064
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0064
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0064
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0065
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0065
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0065
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0010g
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0010g
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0010g
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0010g
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0010g
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0067
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0067
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0067
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0067
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0067
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0068
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0068
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0068
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0068
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0068
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0068
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0069
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0069
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0069
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0070
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0070
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0070
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0070
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0070
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0071
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0071
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0071
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0072
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0072
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0072
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0073
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0073
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0073
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0074
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0074
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0074
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0074
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0074
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0075
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0075
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0076
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0076
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0076
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0076
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0076
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0076
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0077
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0077
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0077
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0077
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0078
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0078
http://refhub.elsevier.com/S0032-5791(21)00152-8/sbref0078

	Effect of inclusion of micronized camelina, sunflower, and flax seeds in the broiler chicken diet on performance productivity, nutrient utilization, and intestinal microbial populations
	INTRODUCTION
	MATERIALS AND METHODS
	Oil Seeds, Experimental Design, and Management
	Birds, Diets, and Experimental Design
	Productivity Parameters and Apparent Utilization of Nutrients
	Sample Collection and Analysis of Microbial Population Counts in the Small Intestine
	Identification of Enterobacteriaceae Taxa From the Cecum and Cloaca
	Tests of Sensitivity to Chemotherapeutics
	Statistical Analysis

	RESULTS
	Chemical Composition of Raw and Infrared Irradiation of Oil Seeds
	Productivity Parameters and Nutrient Utilization
	The Microbial Populations in the Small Intestine
	Enterobacteriaceae Taxa in the Caeca and Cloaca of Broiler Chickens
	Sensitivity of Enterobacteriaceae Strains to Chemotherapeutics

	DISCUSSION
	CONCLUSIONS
	DISCLOSURES

	REFERENCES


