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Abstract 
This study evaluates the effect of inclusion the oleoproteaginous seeds (flax, camelina and hemp) as protein 
alternative to soybean meal substitution in broiler diet enriched in polyunsaturated fatty acids (PUFA) on the 
intestinal microbial populations and health status of broiler, for 42-day feeding trial (192, day-old Ross 308 chicks; 4 
groups; 8 chick/replicate). For ten days, all groups received the same basal diet, and that, the experimental diet 
formulations were included: 6% flaxseed (E1), 10% camelina seeds (E2) and 15% hemp seeds (E3) compared to C 
diet. Prior to slaughter (42 days old of bird), the blood samples were aseptically collected to determine the 
biochemical analysis and caecal and intestinal content were collected for microbiological examination. The 
Lactobacillus population in the ileum was significantly higher (p = 0.008) in group E1 (7.94 lg10 CFU/g wet ileum 
content) compared to group C, with no notable differences observed among the other experimental groups. The 
serum protein profile was significantly lower (p = 0.008) for urea concentration in E2 (3.76 mg/dL) and E3 (3.75 
mg/dL) compared to the C group (4.49 mg/dL). The AST concentrations for E1 was significantly higher compared to 
E3 group (74.47 U/L). Conversely, for alkaline phosphatase values, significantly lower results (p = 0.027) were 
observed for E1 (157.6 U/L) compared to C group (222.18 U/L) while the value for alanine transaminase (ALT) was 
significant higher (p<0.005) for E3 (45.59 U/L) group compared to C group (38.38 U/L). The addition of dietary 
oleoproteaginous seeds had a positive effect in limiting the development of the pathogenic bacteria only in the small 
intestine, thus, improving the microbial balance as flaxseed which increased the content of lactobacillus in the ileum, 
and camelina and hemp show distinct effects on biochemical profiles, indicating potential implications for broiler 
health. 
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1. Introduction  
 
In recent years, an increasing number of 
consumers have favored chicken meat for its high-
quality protein content and its suitability as a 
foundation for developing functional foods, while 
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the complex gut microbiota of chickens continues 
to play a critical role in processes such as nutrient 
digestion, absorption, immune system 
development, and defense against pathogens. The 
dietary inclusion of alternative oilseed-derived 
ingredients in broiler diets has gained considerable 
scientific interest, driven by the need to decrease 
dependence on conventional feeding ingredients, 
enhance the nutritional poultry meat quality, and 
promote more sustainable poultry production 
practices [1]. Among these ingredients, flaxseed 
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(Linum usitatissimum L.), camelina seed 
(Camelina sativa L. Crantz), and hemp seed 
(Cannabis sativa L.) are of particular interest 
because they contain valuable protein, oil, 
minerals, dietary fiber, and bioactive compounds 
concentration [2-4]. Their main nutritional 
characteristic is their high content of 
polyunsaturated fatty acids, especially α-linolenic 
acid (ALA, C18:3 n-3), which can significantly 
modify the fatty acid composition of the whole 
carcass and selected meat portions by their 
transfer from the diet into broiler tissues [5]. 
Flaxseed, among oilseeds, is the most recognized 
for omega-3 enrichment of broiler meat. Ajuyah et 
al. [6] showed that dietary full-fat flaxseed, with 
or without antioxidant supplementation, 
influenced the fatty acid profile of major lipid 
classes in chicken meat. Zuidhof et al. [7] used 
ground full-fat flaxseed and obtained omega-3-
enriched broiler meat, showing that dietary 
flaxseed can be used to increase n-3 PUFA 
content in meat. Previous studies have shown that 
dietary flaxseed supplementation not only enriches 
broiler meat with n-3 polyunsaturated fatty acids, 
but may also affect important quality-related traits, 
including functional properties, oxidative stability, 
consumer acceptance, and the distribution of fatty 
acids between triacylglycerol and phospholipid 
lipid fractions in breast and thigh meat [8]. 
Camelina seed and meal represent studied 
promising alternative ingredients for broiler diets 
due to their protein content, residual oil rich in 
ALA, tocopherols, and phenolic compounds [9]. 
Comparing camelina meal (10%) and flaxseed 
(10%) inclusion in broiler, Pekel et al. [10] 
observed a live body weight reduction when used 
during the first three weeks of life, indicating that 
inclusion level and feeding period of these 
ingredients are important factors in diet 
formulation. In contrast, Aziza et al. [9] reported 
that camelina meal can be included in broiler diets 
up to 10% without any negative influence on their 
productive performance, while increasing the 
omega-3 fatty acid content of meat and tissues, 
antioxidant capacity and reducing lipid oxidation, 
especially in thigh meat during storage. However, 
the use of camelina by-products in broiler 
nutrition should be carefully controlled, as these 
ingredients may contain anti-nutritional factors, 
including glucosinolates, phenolic compounds, 
tannins, and non-starch polysaccharides. At high 
dietary inclusion levels, these compounds may 

impair nutrient digestibility, reduce feed intake, 
influence thyroid-related metabolism, and 
negatively affect growth performance, 
highlighting the need for safety and tolerance 
evaluation before their large-scale use in poultry 
feeding programs [11, 12]. 
Hemp products (seed, oil and cakes) contain 
protein and lipids rich in linoleic acid and α-
linolenic acid, valuable for improvement in fatty 
acid profile of poultry meat, while being 
considered a sustainable feed ingredient for 
broilers nutrition. Eriksson and Wall tested hemp 
seed cake inclusion in organic broiler diets and 
reported its potential use as a feed ingredient, with 
careful attention to diet formulation due to its fiber 
content and possible effects on nutrient density 
[13]. Previous research has shown that hemp oil 
and a standardized hemp-derived product can 
modify tissue fatty acid composition in broiler 
chickens and laying hens, supporting their 
potential use as dietary lipid sources for enhancing 
the nutritional value of poultry products [14].  
Tufarelli et al. [15] reported that hemp seed cake 
dietary inclusion can be used as a dietary additive 
in slow-growing broilers, with beneficial effects 
on productive performance, meat quality, 
oxidative stability, fatty acid profile, and gut 
health. He et al. [16] investigated the partial 
replacement of soybean meal with hemp seed cake 
in female three-yellow chickens and noticed that 
hemp seed cake may influence growth and meat 
quality depending on the hemp dietary inclusion 
level. Overall, flaxseed, camelina seed, and hemp 
seed should be considered not only as alternative 
sources of protein and energy, but also as 
functional oilseed ingredients in broiler nutrition. 
As numerous studies demonstrated, their dietary 
inclusion may contribute to the enrichment of 
broiler meat with omega-3 fatty acids, improve the 
n-6/n-3 fatty acid ratio, and enhance the 
nutritional value of poultry meat for consumers. 
However, their effective use depends on the 
appropriate level of inclusion, processing 
technology, enzyme supplementation, antioxidant 
protection, and the optimization of the dietary 
ingredients. This study evaluates the effect of 
inclusion the oleoproteaginous seeds (flax, 
camelina and hemp) as protein alternative to 
soybean meal substitution in broiler diet enriched 
in polyunsaturated fatty acids (PUFA) on the 
performances, carcass and organ development, 
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blood biochemical parameters and intestinal 
microbial populations of broiler. 
 
2. Materials and methods 
 
The trial was conducted in the experimental house 
of the National Research-Development of Animal 
Biology and Nutrition (IBNA) Balotesti, Romania 
according to the guidelines of the Commission of 
Ethics of the institute, complied with Directive 
2010/63/EU on the protection of animals used for 
scientific purposes and the experimental 
procedures. A total of 192, day-old Ross 308 
broiler chicks obtained from a local commercial 
hatchery were housed in an environment-
controlled conditions and kept on permanent wood 
shaves litter (10-12 cm thick) for a 42-day feeding 
trial. During the entire period, all birds had free 
access to the water and feed. The chicks were 
individually weighed, assigned to 4 groups (C, E1, 
E2 and E3) homogenous in terms of bodyweight. 
Each group consisted of six replicates (8 
chickens/replicate). For the first 10 days, all 
broilers received a basal diet (C) with corn – 
soybean meal, and after this period, the 
experimental diets included 6% flaxseed (E1), 
10% camelina seeds (E2) or 15% hemp seeds 
(E3). The structure ingredients of the diets for 
grower (11-24 days) and finisher (25-42 days) 
stage of broilers were previously published by 
Panaite et al., [17]. The following parameters were 
monitored throughout the experimental period (0-
42 days, broiler age): bodyweight (g); average 
daily feed intake (g feed/broiler/day); average 
daily weight gain (g/broiler/day); feed conversion 
ratio (g feed/g gain). Mortality was recorded 
throughout the experimental period. The 
bodyweight (BW) was determined by the 
weighing of the broiler chickens at starter, grower 
and finisher periods. The average daily feed intake 
(ADFI) and the mortality rates were recorded 
daily. The body weight gains (BWGs) and feed 
conversion ratio (FCR) were calculated in the 
grower and finisher periods. The weight of dead 
broiler chickens was included to calculate the 
average weight gain, feed intake, and FCR. At the 
end of the study (42 days old of bird) prior to 
slaughter, a 24 blood samples were aseptically 
collected from the main brachial vein of birds (6 
chickens from each group; 1 chicken/replicate) 
into EDTA vacutainers tubes containing heparin 
anticoagulant to determine the biochemical 

analysis. Approximately 3 ml of venous blood was 
collected in each tube, inverted to the 4-5 times to 
ensure homogenization, then the tubes were 
centrifuged (3000 x g for 15 min), after which the 
plasma was collected.  
After broilers slaughtering, intestinal content from 
ileum and cecum was removed immediately and 
aseptically collected in sterile plastic tubes and 
quickly transferred on ice to the laboratory to 
determine the intestinal microflora (Escherichia 
coli, Salmonella spp., Lactobacillus spp. 
Staphylococcus spp.) as previously reported by 
Dumitru et al. [2018].  
Statistical Analysis: One-way analysis of variance 
(ANOVA), using General Linear Model 
procedures of Minitab (2017) was carried out to 
determine the effects of using raw materials rich 
in polyunsaturated fatty acids on productive 
performances, carcass and organ development, 
blood biochemical parameters and intestinal 
microbial populations content according to the 
following model: 

Yij = μ + Ti + eij  

where: Yij is the mean of the jth observation of the 
ith treatment; μ is the sample mean; Ti is the effect 
of the ith treatment, and eij is the effect of the error. 
Significance between individual means was 
identified using the Tukey’s multiple range test. 
Mean differences were considered significant at 𝑃𝑃 
< 0.05. The graphs for microbiota characterization 
were statistically performed using GraphPad 
Prism 10.2.0 software (GraphPad Software, La 
Jolla, California USA). Values were determined to 
be significant when * p < 0.05 or ** p < 0.001. 
 
3. Results and discussion 
 
Data regarding the influence of oleoproteaginous 
seeds on production performance are presented in 
Table 1 where it is observed that the groups fed 
with camelina (E2) and hemp (E3) seeds recorded 
significantly lower values for body weight (p = 
0.001), daily weight gain (p ≤0.0001) and feed 
conversion ratio (p = 0.039) for starter stage 
compare to control group, but insignificant 
differences compared to the flaxseed group (E1). 
At the end of the experimental period (finisher 
stage), no significant (p > 0.05) differences were 
registered for all groups, except for the percentage 
of broilers viability, which decreased (p = 0.005) 
significantly for E2 and E3 groups. 
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Table 1. Effect of oleoproteaginous seeds dietary inclusion on broilers performance (average values/group) 

Parameter Control 
Oleaginous seeds 

SEM p-Value E1 E2 E3 
Starter stage (3-13 days) 

Body weight at 3 days, g 67,68    67.98     69.32     67.72     0.76 0.387 
Body weight at 13 days, g 348.48a     322.93ab     305.38b     321.08b     7.34 0.001 
Daily feed intake, g feed/broiler/day 34.04      32.05      32.00      33.08      4.12 0.982 
Daily weight gain, g/broiler/day 25.58a    23.18ab   21.46b    23.03b    0.67 ≤0.0001 
Feed conversion ratio, g feed/g gain 1.35a 1.38a 1.44b 1.43b 6.12 0.039 
Mortality rate, % 100.00 100.00 100.00 100.00 - - 

Grower stage (13 – 23 days) 
Body weight at 13 days, g 348.48a     322.93ab     305.38b     321.08b     7.34 0.001 
Body weight at 23 days, g 1186.20      1176.50      1121.60      1115.00      26.30 0.132 
Daily feed intake, g feed/broiler/day 99.11      102.12      95.00      95.39      6.69 0.859 
Daily weight gain, g/broiler/day 83.77      85.35      81.64      79.12      2.80 0.440 
Feed conversion ratio, g feed/g gain 1.54 1.56 1.56 1.59 3.84 0.689 
Mortality rate, % 100.00 a 100.00 a 99.62 a 96.54 b         0.219 ≤0.0001 

Finisher stage (23 - 42 days) 
Body weight at 23 days, g 1186.20      1176.50      1121.60      1115.00      26.30 0.132 
Body weight at 42 days, g 3017.90      3031.60      2992.10      2985.80      69.30 0.963 
Daily feed intake, g feed/broiler/day 196.10      187.00      197.70      203.20      10.10 0.721 
Daily weight gain, g/broiler/day 91.59      92.76      95.06      93.54 3.91 0.938 
Feed conversion ratio, g feed/g gain 2.14 2.02 2.08 2.17 3.48 0.948 
Mortality rate, % 97.00 a      97.00 a      94.50 b      92.00 c     1.60 0.005 

where: C – Control diet; E1 – diet C supplemented with flaxseed (6 %); E2 – diet C supplemented with camelina seed (10 %); E3 – 
diet C supplemented with hemp seed (15 %); n = number of samples per group (8); SEM, standard error of the mean; a-c Mean 
values within a row having different superscripts are significantly different at p ≤ 0.05 
 
In the literature the results obtained showed that 
the increased digestive enzymes activities 
determined an improvement of nutritional feed 
intake for chicken fed mixture of 80g/kg flaxseed 
and 50 g/kg hemp seed [19] and consequently, the 
growth performance (the weights of the chickens) 
were increased after the addition of flaxseed 
and/or hemp seed. This was consistent with the 
results of Skrˇivan et al. [20] who recorded an 
increased body weight and digestibility of the fat 
and crude protein in broiler chickens after the 
addition of flaxseed and hemp seed or a 
combination of both. The synergistic effect of 
linseed with hemp seed on body weight and data 
results of performance are related to digestibility. 
The positive effect of linseed on digestibility can 
be explained by the improvement of the intestinal 
health status in poultry as was mentioned in study 
of Popescu et al. [21] in which 4% flaxseed meal 
was included in the diet of 14-days-old broiler 
chickens there were no influence on feed 
conversion ratio, average daily weight gain, or, 
consequently, general body weight. The results of 
the current study are in agreement with those of 
other researchers [22]. The findings have 
economic implications, suggesting that feeding a 

diet with a combination of flaxseed and hemp seed 
is beneficial. But the including linseed must be 
limited because some researchers [23] affirmed 
that incorporation of linseed in the diet, 
particularly at 160 g/kg, depressed chicken’s 
weight gain and food utilization because the seeds 
mucilage has an antinutritional effect and the 
digestibility of fat and single fatty acids and 
dietary metabolisable energy were reduced. 
The body weight and the feed intake were higher 
in the experiment of Mahmoodtabar [24] who 
tested the effect of 10% hempseed included in the 
diet of broiler chickens during 7-21 days of age. 
The literature shows varying results regarding the 
impact of hempseed on feed intake. Some 
researchers [20] observed an increase in feed 
intake, but others [25] found that hempseed fed 
broilers had reduced feed intake, likely due to less 
developed gut mucosa and digestive enzymes. At 
high inclusion levels (20%), elevated 
tetrahydrocannabinol levels can have adverse 
effects on appetite and body weight [25]. Other 
author, Tuffarelli [27] who tested the hemp seed 
cake included at 0, 5 and 10% in the diet of slow-
growing broilers obtained no differences for 
performance and carcass traits. By-products of 
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hempseed were tested by Stastnik [28] who 
introduced a feed mixture containing 2.5% of 
hempseed expellers or 1% of hemp pellets 
(flowers and seeds) on chickens from day 10 to 
day 37 of age. There were no differences in 
average body weight.  Incharoen [29] tested a 
micronized hemp fiber product at 1.5% in the diet 
of broiler chickens under heat stress and obtained 
an improvement in final body weight and average 
daily gain. On the other hend, Yalçın [30] tested 
inclusion of camelina meal at 0, 10, 15, 20 and 
25% level on the diet of Ross 308 chicks and the 
live weight gain, feed consumption, feed 
efficiency was reduced. But Aziza [31] tested 
inclusion of 10% camelina meal in the diet of 1-
day old Cobb chicks and the weight gain and feed 
conversion rate were not modified by the inclusion 
of camelina meal. The researchers as Oryschak 
[32] used diets containing 0, 8, 16, or 24% 
camelina cake over three growth phases of 2-week 
duration each for one-day-old male chicks. Daily 

feed consumption did not differ among camelina 
cake inclusion levels for the overall 42-d study. 
In Table 2 are presented the effect of 
oleoproteaginous seeds dietary inclusion on 
carcass and organ development in broiler 
chickens. Thus, the data on carcass characteristics 
(Table 2) indicated a significant difference in the 
evisceration rate, which was significantly lower (p 
= 0.004) in the group fed 6% flaxseed (E1) 
compared with the other two experimental groups 
(E2 and E3) and the control group (C). At the 
same time, breast weight was statistically higher 
(p = 0.004) in the C group compared with the 
experimental groups. However, differences among 
all groups studied regarding organ development 
were not significant, except for gizzard weight, 
which in the E3 group, fed 15% hemp seeds, 
showed a significant increase (p = 0.015) 
compared with the C and E1 groups, but was not 
significantly different from E2 group. 

 
Table 2. Effect of oleoproteaginous seeds dietary inclusion on carcass and organ development in broiler chickens 

(average values/group) 
Parameter 

Control 
Oleaginous seeds 

SEM p-Value E1 E2 E3 
Age at slaughter (42 d) 

Live body weight (g) 2265.00 2368.33 2252.50 2318.33 34.70 0.103 
% live weight* 

Eviscerated carcass 80.32a 77.32b 79.54a 79.63a  0.528 0.004 
Breast 23.21a 20.39b 21.26b 21.25b 0.486 0.004 
Tight 16.73 17.77 17.38 17.80 0.453 0.332 
Proventriculus 0.43 0.38 0.46 0.43  0.027 0.217 
Gizzard 1.75b  1.81b 1.92ab 2.38a 0.136 0.015 
Liver 1.92 1.92 1.91 1.84 0.070 0.807 
Heart 0.58 0.64 0.59 0.47 0.053 0.200 
Spleen 0.11 0.11 0.11 0.10 0.010 0.975 
Gallbladder 0.09 0.09 0.13 0.09 0.011 0.065 
Abdominal fat 0.85 0.61 0.86 0.92 0.094 0.130 

where: C – Control diet; E1 – diet C supplemented with flaxseed (6 %); E2 – diet C supplemented with camelina seed (10 %); E3 
– diet C supplemented with hemp seed (15 %); n = number of samples per group (8); SEM, standard error of the mean; a-b Mean 
values within a row having different superscripts are significantly different at p ≤ 0.05 *Percent of live body weight 
 
Similar results were observed by Mridula et al. 
[33] in a study in which supplementation with 
flaxseed at different inclusion levels (0%, 2.5%, 
5.0%, 7.5%, and 10%) did not affect the weekly 
body weight of broiler chickens during the first 
three weeks. However, body weight subsequently 
decreased significantly as the level of flaxseed in 
the diets increased, while breast yield was 
significantly higher in the control group than in 
the flaxseed-supplemented groups. In contrast to 
this study, Arshami et al. [34] reported non-

significant differences in breast weight percentage 
between the treatment groups supplemented with 
flaxseed at 5–10% and the control group, although 
a tendency was observed in the following order: 
5% > 10% > 7.5% > 0.0% flaxseed in the diet. 
Similarly, Pekel et al. [35] did not observe any 
effect of supplementation with flaxseed (10%) or 
camelina seed (10%) on carcass weight, carcass 
yield, or breast weight in broiler chickens. Stastnik 
et al. [28] tested the effect of feed mixtures 
containing 2.5% of hempseed expellers or 1% of 
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hemp pellets (flowers and seeds) on chickens from 
day 10 to day 37 of age. There were no differences 
on carcass yield. Oryschak et al. [32] who 
included 0, 8, 16, or 24% camelina cake over three 
growth phases of 2-week duration each for one-
day-old male chicks concluded that organ weight 
as proportion of body weight was not affected by 
diet treatment, except for pancreas on day 28 and 
42, which both linearly increased with increasing 
camelina cake inclusion. Yalçın et al. [30] who 
tested camelina meal at 0, 10, 15, 20 and 25% 
level on the diet of Ross 308 chicks observed a 
relative weight percentage of the heart, 
proventriculus, gizzard, and thyroid gland which 
increase linearly with the level of camelina meal. 
In Table 3 are presented the effect of 
oleoproteaginous seeds dietary inclusion dietary 

inclusion on biochemical parameters. The serum 
protein profile was significantly lower (p = 0.001) 
for urea concentration in E2 (3.76 mg/dL) and E3 
(3.75 mg/dL) compared to the C group (4.49 
mg/dL). A significant lower concentration 
(p<0.05) was noticed in magnesium case at E2 
group compared to E1 and similar situation was 
observed for E3 group (p<0.05) compared to C, 
E1 and E2 groups. The AST concentrations for E1 
was significantly higher compared to E3 group 
(74.47 U/L). Conversely, for alkaline phosphatase 
values, significantly lower results (p = 0.027) 
were observed for E1 (157.6 U/L) compared to C 
group (222.18 U/L) while the value for alanine 
transaminase (ALT) was significant higher 
(p<0.005) for E3 (45.59 U/L) group compared to 
C group (38.38 U/L).  

 
Table 3. Effects of oleaginous seeds dietary inclusion on biochemical parameters (average values/group) 

Parameters 
C 

Oleaginous seeds 
SEM p-Value 

E1 E2 E3 
Protein profile 

Albumin (g/l) 1.40 1.33 1.50 1.33 0.209 0.870 
Creatinine (mg/dl) 0.12 0.12 0.12 0.13 0.063 0.352 
Urea (mg/dl) 4.53a 4.43ab 3.76c 3.75c 0.158 0.001 

Mineral profile 
Phosphorus (mg/dl) 4.25a 4.67a 4.39a 2.91b 0.434 0.005 
Calcium (mg/dl) 22.28abc 26.05a 22.54abc 19.86bc 1.33 0.004 
Magnesium (mg/dl) 2.02ab 2.31a 1.81b 2.19ab 0.093 0,005 
Iron (ug/dl) 108.69 82.65 82.95 82.08 9.97 0.194 

Hepatic profile 
Total protein (g/dl) 2.07 2.02 1.90 1.87 0.086 0.141 
Totala bilirubin (mg/dl) 0.13 0.13 0.13 0.13 0.006 0.729 
Alanine transaminase (ALT), (u/l) 38.38b 39.63ab 39.53ab 45.59a 1.830 0.005 
Aspartate transaminase (AST), (u/l) 86.66ab 93.73a 86.99ab 74.47b 3.410 0.005 
Alkaline phosphatase (u/l) 233.59a 157.65b 217.84ab 226.63ab 16.60 0.027 
Gamma-glutamyl transferase (GGT), (u/l) 79.91ab 75.41ab 81.31ab 69.61b 5.040 0.095 

where: C – Control diet; E1 – diet C supplemented with flaxseed (6 %); E2 – diet C supplemented with camelina seed (10 %); E3 
– diet C supplemented with hemp seed (15 %); n = number of samples per group (8); SEM, standard error of the mean; a-c Mean 
values within a row having different superscripts are significantly different at p ≤ 0.05 
 
Some researchers like Vispute et al. [26] tested on 
broiler chicks the effect of different proportion of 
mixtures between hempseed and dill seeds (0.2 - 
0.3% in the diet). The serum protein concentration 
remained unchanged, whereas a significant 
reduction in serum lipids like triglyceride, LDL 
and total cholesterol concentration was noticed 
due to dietary inclusion of seeds. Serum enzymes 
like AST and ALT concentrations depleted 

significantly; however, alkaline phosphatase levels 
were unaffected. Yalçın et al. [30] after included 
camelina meal at 0, 10, 15, 20 and 25% level on 
the diet of Ross 308 chicks observed that the 
heterophils/lymphocyte ratio, serum total 
cholesterol, albumin, IgA, and IgG levels 
increased linearly with the use of camelina meal in 
the diets. The similar study of Oryschak et al. [32] 
with increasing dietary camelina cake (0, 8, 16, or 
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24%) for one-day-old male chicks determined 
increased blood phosphorus, uric acid and 
thyroxine (T4) levels. Serum triiodothyronine (T3) 
levels were greater in broilers fed 8% or 16% 
camelina cake compared with those fed 24% 
camelina cake. The linear increases in serum 
phosphorus and uric acid were likely related to 
increased digestible phosphorus and crude protein 
intake, respectively, as camelina cake replaced 
cornstarch in diets. 
The microbial population assessments in the 
intestinal segments are presented within Figures 1, 
2 and 3 for ileal and cecal segments. The 
Lactobacillus population in the ileum (Figure 1) 

was significantly higher (p = 0.008) in group E1 
(7.94 lg10 CFU/g wet ileum content) and E2 p ≤ 
0.05) compared to group C (4.15 lg10 CFU/g wet 
ileum content, with no notable differences 
observed among the other experimental groups. 
Additionally, there were no significant differences 
in lactobacillus population in the cecum. No 
significant differences (p > 0.05) were registered 
for the Enterobacteriaceae population in the ileum 
and cecum (Figure 2), but the Staphylococcus 
population significantly (p ≤ 0.01) decreased in 
the caecum (Figure 3) for E1 and E3, 
insignificantly value registered for E2.

   
Figure 1. Evolution of the Lactobacillus population in the ileum and cecum (lg10 colony-forming units/g wet 

content); significant at * p ≤ 0.05; very significant at ** p ≤ 0.01; not significant at ns. 
 

      
Figure 2. Evolution of the Enterobacteriaceae population in the ileum and cecum (lg10 colony-forming 

units/g wet content); not significant at ns 
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Figure 3. Evolution of the Staphylococcus population in the ileum and cecum (lg10 colony-forming units/g 

wet content); significant at * p ≤ 0.05; very significant at ** p ≤ 0.01; not significant at ns. 
 
Flaxseed and hemp seed are commodities and 
significant sources of nutrition, and their addition 
to feed changed enzymatic activity in the digestive 
tract, mostly in the ileum where the activities of 
amylase, cellulase, pectinase, xylanase, maltase, 
invertase, proteinase and lipase were increased 
[19]. The highest values of enzyme activity were 
found in the chicken groups fed a combination of 
80 g/kg flaxseed and 50 g/kg hempseed. Alzueta 
et al. [23] in an experiment of feeding chickens 
from 1 to 23 d of age with linseed included at 80 
g/kg and 160 g/kg observed that the inclusion of 
linseed in the diet markedly increased the 
viscosity of ileal digesta, but the microbial activity 
in the ileum and caeca was not greatly affected, 
even there was a significant increase in the 
number of lactobacilli. Popescu et al. [21] studied 
the effect of 4% flaxseed meal on intestine 
morphology and microbiome for Cobb 500 
chickens (14 days of age). The dietary 
supplementation of flaxseed meal determined an 
increase in Lactobacilli and Clostridium coccoides 
and a decrease in Bacteroides, Ruminoccocus, 
Enterobacteriaceae, and Clostridium leptum, and 
an increase in the specific activities of alfa-
amylase, invertase, and endo-beta-1,4-glucanase 
in duodenum and jejunum. 
The hemp seed cake was tested by Tuffarelli et al. 
[27] who included at 0, 5 and 10% in the diet of 
slow-growing broilers and revealed a significant 
increase in villus height, surface area and 
villus/crypt ratio, with a decrease of crypt depth, 
suggesting that dietary supplementation with 

hemp cake may boost intestinal health status in 
poultry. And Mahmoodtabar et al. [24] tested the 
effect of 10% hempseed included in the diet of 
broiler chickens during 7-21 28 days of age. The 
hemp supplementation significantly lowered the 
Coliforms and increased Lactobacillus content in 
the ileum. Stastnik et al. [28] tested the effect of 
feed mixtures containing 2.5% of hempseed 
expellers or 1% of hemp pellets (flowers and 
seeds) on chickens from day 10 to day 37 of age 
and observed that the monitored microbiological 
parameters of intestinal contents were not 
affected. In another study when a dietary 
micronized hemp fiber product added at 0.75% 
and 1.50% in the diet of 21 days-old broiler 
chickens under a heat environmental stress [29] an 
increasing of the acetic, propionic, and butyric 
acids in the intestine was determined, and in the 
same time increased total bacterial counts, lactic 
acid bacteria, and Enterococcus sp. populations. 
Yalçın et al. [30] after inclusion of camelina meal 
at 0, 10, 15, 20 and 25% level on the diet of Ross 
308 chicks obtained the counts of E. coli and 
Lactobacillus in the cecum with no significant 
changes. Also, a significant reduction in villus 
height of the duodenum, jejunum, and ileum, a 
reduced villus height/crypt depth ratio in jejunum 
and ileum were recorded. Also, the digestibility of 
dry matter, crude protein, and energy had reduced 
values. The same reduced villus height/crypt depth 
ratio was recorded by Aziza et al. [31] after the 
inclusion of 10% camelina meal in the chick’s 
diet. 
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4. Conclusions 
 
Oleaginous seeds are beneficial in poultry feeding. 
Flaxseed and hempseed can act synergistically and 
beneficially if administered in a mixture of 8% 
and 5% on productive performance and carcass 
yield. Flaxseed administered alone presents 
limitations of administration at high levels, the 
most recommended level being 10% in the diet. 
Camelina is recommended to be included in the 
diet at a medium level of 24%. The addition of 
dietary oleoproteaginous seeds had a positive 
effect in limiting the development of the 
pathogenic bacteria only in the small intestine, 
thus, improving the microbial balance as flaxseed 
witch increasesd the content of lactobacillus in the 
ileum, and camelina and hemp show distinct 
effects on biochemical profiles, indicating 
potential implications for broiler health. 
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