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The beneficial effects of prebiotics, nondigestible 
feed ingredients such as oligosaccharides and inulin, 
on the host organism result from their selective stimu-
lation of the growth and/or activity of gut microbiota, 
primarily from the genus Bifidobacterium and the 
Lactobacillus species. Thus, the use of prebiotics in 
animal diets is expected to be advantageous due to their 
indirect positive influence on both the growth and the 
health of animals (8, 42).

Inulin, extracted from chicory (Cichorium intybus), 
consists of one terminal α-glucose molecule and a vari-
able number of β-fructose moieties exclusively linked 
by β (2→1) glycosidic bonds (47). It is a mixture of 

oligomers and linear fructose polymers containing 
molecules with a degree of polymerization (DP) from 
2 to ca. 65, with an average of 10-12 units (14, 22). 
The molecule length affects the technological and 
prebiotic properties of inulin (49) and depends on the 
source and extraction processes (33). The differences 
in the polymerization degree between fructans may af-
fect not only their physicochemical and technological 
properties, but also their biological traits (37). Fructans 
with DP lower than 10 are known as oligofructose or 
FOS. Inulin, therefore, contains both oligosaccharides 
and polysaccharides. Thanks to the β (2→1) glycosidic 
bond, it resists the breakdown by the host-derived di-
gestive enzymes in the small intestine but is degraded 
by microbiota, mainly in the large intestine. Inulin-type 
fructans are believed to modulate the composition of 
microbiota by enhancing the growth of health-pro-
moting bacteria and suppressing the growth of poten-
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Summary

The study was performed to evaluate the effect of a dietary level of two types of inulin differing in the degree 
of polymerization (DP), supplemented at different levels, on selected metabolic and immunological parameters 
of broiler chicken blood. Two hundred and forty 1-day-old broiler chickens were fed a diet without inulin 
addition (control group, C) or with standard inulin from chicory root with DP ≥ 10 (SI) or long-chain inulin 
(LCI) of DP ≥ 23 (Inulin Orafti®GR or Inulin Orafti®HPX, respectively; Orafti Beneo GmbH, Mannheim, 
Germany) at a level of 0.2%, 0.4%, or 0.6%. Therefore, 7 dietary treatments were formed. The experiment 
was carried out for 6 weeks. The addition of inulin had a significant (p ≤ 0.05) impact on the blood parameters 
analyzed, especially on the protein and lipid profile. The degree of polymerization of inulin and its level in 
the diet significantly affected the content of glucose and uric acid and creatinine levels in the blood plasma of 
21-day-old chickens. The addition of the different types (SI vs. LCI) and levels (0.2, 0.4, and 0.6) of inulin to 
the diet and the interaction of these factors affected the total protein level and the content of albumins and 
globulins. Some differences (p ≤ 0.05) were found between the experimental groups in total cholesterol and 
its HDL fraction content as well as in the activity of ALT and LDH. The other biochemical indices were not 
affected by the experimental factors. In conclusion, it may be stated that inulin with the higher polymerization 
degree (LCI; DP ≥ 23) provided better results of the blood metabolic profile throughout the broiler fattening 
period. However, the impact of this factor is not explicit. The addition of the inulin extract at an amount of 
4-6 g per kg of mixture is recommended, but further experiments are recommended.
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tially pathogenic bacteria. Their activity may influence 
metabolism and productive results and improve the 
health status of animals. Inulin, stimulating intestinal 
bacteria, can support animal performance and health 
by influencing nutrient digestion, gut microflora, and 
gut morphology, thus improving the performance of 
birds (32). However, the mechanisms by which these 
effects develop are still unclear. Supplementation of 
inulin or oligofructose to broilers was reported to result 
in significantly improved performance, particularly in 
female broilers, due to an increased absorptive capacity 
of the chicken gastrointestinal tract caused by the in-
creased length of both the small intestine and the colon 
(26, 55). Additionally, positive changes were observed 
in the intestinal microbiota biocenosis in broilers (24, 
32), although there are also some studies indicating 
no effect of inulin on the intestinal microbiome (4, 
5). Some studies on birds found a decrease in body 
fat deposition, abdominal fat, and serum cholesterol 
concentration (29, 45, 55), and a modified hepatic me-
tabolism of lipids (29, 45). However, the differences 
in results may depend on the composition of the basal 
diet, inclusion level, type of fructan, adaptation period, 
and experimental hygienic conditions. The results re-
ported by Sevane et al. (41) revealed a number of genes, 
processes, and pathways with putative involvement in 
chicken growth and performance, while reinforcing the 
immune status of animals and fostering the production 
of long-chain fatty acids in broilers supplemented with 
5 g of inulin kg–1 diet. They highlighted the functional 
significance and importance of inulin supplementation 
as a possible and useful alternative to the use of anti-
biotics for improving animal production and general 
immunity in poultry farming, along with a healthier 
meat lipid profile. The authors indicated major changes 
in the transcription of a number of genes implicated in 
the development and maintenance of different tissues, 
particularly the muscle and nervous systems, fatty acid 
and protein metabolism, the immune system, gene 
transcription, cell development, and the maintenance 
of processes in the liver.

An important factor in the efficacy of feed addi-
tives in animal nutrition is the course of metabolic 
processes, which is manifested in, among others, 
changes in the values of biochemical and hematologi-
cal markers. Therefore, the study was performed to 
evaluate the effect of the dietary level of two types of 
inulin differing in the degree of polymerization (DP), 
supplemented at a level of 0.2%, 0.4%, or 0.6%, on 
selected metabolic and immunological parameters of 
broiler chicken blood.

Material and methods
Experiment design. The experiment was carried out after 

receiving approval from the Second Local Ethics Committee 
at the University of Life Sciences in Lublin (No. 31/2010). 
Two hundred and forty 1-day-old broiler chickens (Ross 
308, Aviagen, Kraków, Małopolska Voivodeship, Poland) 

were randomly assigned to 7 dietary treatments and placed 
in 5 cages per treatment, with 4 females and 4 males per 
cage. The experiment was carried out for 6 weeks. The 
broiler chickens were fed 2 types of isoprotein and isoen-
ergetic diets: starter (0 to 21 days) and grower (22 to 42 
days) as recommended by NŻD (56) (Tab. 1). The birds 
were fed a diet without inulin addition (control group, C) 
or with standard inulin from chicory root with DP ≥ 10 (SI) 
or long-chain inulin (LCI) of DP ≥ 23 (Inulin Orafti®GR 
or Inulin Orafti®HPX, respectively; Orafti Beneo GmbH, 
Mannheim, Germany) at a level of 0.2%, 0.4%, or 0.6%.

The broiler chickens were reared in 1-m2 cages, placed 
in a room with controlled temperature and humidity, and 
provided with continuous access to feed and water. The 
lighting scheme in the hen house made it possible to control 
the length of light exposure during the day, according to the 
guidelines on rearing broiler chickens (3).

Blood analysis. At the age of 21 and 42 days, chicks (2 
broiler chickens/cage) selected randomly for blood sampling 
were not given any feed but provided with continuous access 
to water. Blood was sampled from the ulnar vein (vena 
cutanea ulnaris) in the morning. Blood samples for analysis 
were collected in tubes with an anticoagulant, and whole 
blood was analyzed within three hours of sampling. Plasma 
for the analysis of the biochemical parameters was obtained 
by centrifugation of whole blood at 3000 rpm (603 × g) for 
10 min in a laboratory centrifuge (MPW-350R, MPW Medi-
cal Instruments, Warsaw, Poland) at a temperature of 4°C.

Plasma without signs of hemolysis was analyzed for the 
content of total protein, albumin, globulin, glucose, uric 
acid, creatinine, bilirubin, total cholesterol, high-density-
lipoprotein cholesterol fraction (HDL-Chol), and triacyl- 
glycerols. Low-density lipoprotein cholesterol (LDL-Chol) 
content was estimated according to the Friedewald et al. (7) 
equation. The activity of indicator enzymes, i.e. aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
lactate dehydrogenase (LDH), and alkaline phosphatase 
(AP), was estimated in blood plasma as well. The indices 
were determined in blood plasma by colorimetric methods 
according to the manufacturer’s protocol using reagent kits 
(BioMaxima, Lublin, Poland) and a  random access bio-
chemical analyzer Metrolab 2300 GL (Metrolab SA, Buenos 
Aires, Argentine). The analysis procedures were verified 
with the use of multiparametric control plasma (BioCal) 
as well as control plasma with a normal level (BioNorm) 
and a high level (BioPath) of indices (BioMaxima, Lublin, 
Poland; Hydrex Diagnostics, Warsaw, Poland). The con-
centrations of immunoglobulins G, M, and A in the plasma 
of the birds were quantified by an enzyme linked immuno-
sorbent assay (ELISA) procedure on a BioTek ELx808™ 
Absorbance Microplate Reader (BioTek, Winooski, VT, 
USA). The protocol was adapted from a  commercially 
developed assay (Bethyl Laboratories Inc., Montgomery, 
TX, USA).

Statistical analysis. Each cage was used as a  statisti-
cal unit. The data obtained were analyzed by the ANOVA 
method using one-way analysis of variance and two-way 
ANOVA (2 types of inulin extracts and 3 inulin extracts 
levels) (α = 95; p ≤ 0.05) and calculating the mean values 
for the treatments (x) and the standard error of the mean with 
Statistica software (version 10; StatSoft, Tulsa, OK, USA).
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Results and discussion
The effects of the inulin treatments on the blood of the 

broiler chickens are presented in Tables 2-4. The addi-
tion of inulin had a significant (p ≤ 0.05) impact on the 
blood parameters analyzed, especially on the protein and 
lipid profile. The degree of polymerization of inulin and 
its level in the diet significantly affected the content of 
glucose and uric acid and creatinine levels in the blood 
plasma of 21-day-old chickens. The other biochemical 
indices were not affected by the experimental factors. 
Some differences (p ≤ 0.05) between the experimental 
groups were found in total cholesterol and its HDL frac-
tion content as well as in the activity of ALT and LDH. 

On the other hand, in the blood plasma of 42-day-old 
chickens, the type of inulin (SI vs. LCI) influenced 
creatinine, total cholesterol and triacylglycerol contents 
and the AST activity. The level of inulin in the diet 
significantly affected the LDL fraction of cholesterol, 
and hence the share of HDL in the total cholesterol 
content, and the activity of AST. The interaction of the 
two experimental factors (DP × L) had an influence on 
lipid parameters and AST activity in the finishing broiler 
chickens. The blood proteinogram was also significantly 
changed by the experimental factors (Tab. 4). The addi-
tion of different types (SI vs. LCI) and levels (0.2, 0.4, 
and 0.6) of inulin to the diet and the interaction of these 
factors affected the total protein level and the content of 

Tab. 1. Dietary ingredients and the nutrient content of the experimental diets (as-fed basis)

Ingredients

Diets

Starter (0 to 21 days) Grower (22 to 42 days)

Control SI LCI Control SI LCI

0 I II III IV V VI 0 I II III IV V VI

Diet composition, %

Maize 39.00 39.00 39.00 39.00 39.00 39.00 39.00 31.00 31.00 31.00 31.00 31.00 31.00 31.00

Wheat 20.32 20.32 20.32 20.32 20.32 20.32 20.32 30.10 30.10 30.10 30.10 30.10 30.10 30.10

Soybean meal, 46% crude protein 33.29 33.29 33.29 33.29 33.29 33.29 33.29 29.67 29.67 29.67 29.67 29.67 29.67 29.67

Soybean oil 2.40 2.40 2.40 2.40 2.40 2.40 2.40 4.30 4.30 4.30 4.30 4.30 4.30 4.30

Corn starch 1.00 0.80 0.60 0.40 0.80 0.60 0.40 1.00 0.80 0.60 0.40 0.80 0.60 0.40

Water extract of inulin – 0.20 0.40 0.60 – – – – 0.20 0.40 0.60 – – –

Water-alcohol extract of inulin – – – – 0.20 0.40 0.60 – – – – 0.20 0.40 0.60

Monocalcium phosphate 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.40 1.40 1.40 1.40 1.40 1.40 1.40

Limestone 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.60 0.60 0.60 0.60 0.60 0.60 0.60

NaHCO3 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12

NaCl 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27

Lysine HCl 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.20 0.20 0.20 0.20 0.20 0.20 0.20

DL-methionine 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.27 0.27 0.27 0.27 0.27 0.27 0.27

L-threonine 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.07 0.07 0.07 0.07 0.07 0.07 0.07

Vitamin-mineral premix1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Chemical composition (g/kg)

MEn (MJ/kg) 12.6 12.6 12.6 12.6 12.6 12.6 12.6 13.1 13.1 13.1 13.1 13.1 13.1 13.1

Crude protein 215.5 215.3 215.2 215.1 215.4 215.2 215.1 202.5 201.8 200.9 200.8 200.5 200.8 200.2

Ether extract 61.4 61.4 61.3 61.3 61.4 61.2 61.2 86.4 86.4 86.2 86.1 86.5 86.4 86.2

Crude fiber 25.4 25.2 25.2 25.1 25.2 25.2 25.1 31.4 31.2 31.2 31.1 31.2 31.1 31.0

Crude ash 55.9 55.8 55.8 55.7 55.8 55.8 55.7 55.6 55.6 55.4 55.3 55.5 55.6 55.4

Lys 13.1 13.1 13.1 13.0 13.1 13.1 13.0 12.3 12.3 12.2 12.2 12.3 12.1 12.2

Met + Cys 8.32 8.32 8.31 8.31 8.32 8.30 8.31 8.12 8.12 8.11 8.11 8.12 8.12 8.11

Ca 10.15 10.14 10.12 10.11 10.13 10.12 10.10 9.43 9.42 9.39 9.40 9.41 9.38 9.37

P 6.76 6.74 6.74 6.73 6.74 6.74 6.73 6.54 6.53 6.52 6.51 6.52 6.50 6.51

Na 1.68 1.68 1.68 1.68 1.68 1.68 1.68 1.65 1.65 1.65 1.65 1.65 1.65 1.65

Explanations: 1added minerals and vitamins per kg of starter diet: Mn,70 mg; I, 1 mg; Fe, 70 mg; Zn, 60 mg; Se, 0.3 mg; Cu, 8 mg; 
vitamin A, 12.000 IU; vitamin D3, 2.500 UI; vitamin E, 25 mg; vitamin K3, 3 mg; vitamin B1, 2 mg; vitamin B2, 6 mg; vitamin B6, 
5 mg; vitamin B12, 0.02 mg; biotin, 0.2 mg; folic acid, 2 mg; nicotic acid, 30 mg; pantothenic acid, 15 mg; choline chloride, 700 mg.
Added minerals and vitamins per kg of grower diet: Mn,60 mg; I, 0.7 mg; Fe, 50 mg; Zn, 50 mg; Se, 0.2 mg; Cu, 7 mg; vitamin A, 
10.000 IU; vitamin D3, 2.000 UI; vitamin E, 25 mg; vitamin K3, 2 mg; vitamin B1, 2 mg; vitamin B2, 4 mg; vitamin B6, 4 mg; vitamin 
B12, 0.02 mg; biotin, 0.2 mg; folic acid, 1 mg; nicotic acid, 25 mg; pantothenic acid, 15 mg; choline chloride, 300 mg.
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albumins and globulins. The concentration of IgG class 
immunoglobulins was not affected by the treatment, but 
significant differences were found between the other 
classes of immunoglobulins analyzed, A and M.

The objective of rational poultry nutrition is to achieve 
maximum production, while maintaining the birds in 
good health through beneficial effects of feed ingredients 

on the digestive tract, metabolism, and stimulation of 
the immune system. This is particularly important in 
breeding animals of high production potential. An im-
portant factor in the efficacy of feed additives in animal 
nutrition is the course of metabolic processes, which 
is manifested in, among other things, changes in the 
values of biochemical and hematological markers (30). 

Tab. 2. Effect of the dietary level of two types of inulin (SI vs. LCI) on blood metabolic parameters of 21-day-old broiler chickens

Groups
Control SI LCI

Pooled 
SEM Treatment

Effect ofc

I II III IV V VI VII

Inulin share, % 0 0.2 0.4 0.6 0.2 0.4 0.6 DP L DP × L

Glucose, mmol l–1 13.85ab 14.36b 13.74ab 12.62b 13.85ab 12.35b 12.26b 0.207 * * * *

Uric acid, µmol l–1 0.491 0.406 0.358 0.348 0.419 0.360 0.266 0.016 ns * * *

UREA, mmol l–1 0.83 0.81 0.79 0.79 0.82 0.78 0.79 0.013 ns ns ns ns

Creatinine, µmol l–1 30.06a 26.51b 28.22a 27.13b 28.06ab 29.16a 27.55b 0.254 * * * *

Bilirubin, µmol l–1 4.18 4.32 4.37 4.42 4.29 4.40 4.33 0.071 ns ns ns ns

Total cholesterol, mmol l–1 3.80a 3.73a 3.73a 3.70ab 3.80a 3.53ab 3.11b 0.058 * ns ns ns

HDL-Chol, mmol l–1 2.67ab 2.25ab 2.39ab 2.36ab 2.68b 2.20ab 1.77b 0.064 * ns ns ns

Triacylglicerols, mmol l–1 0.41 0.39 0.36 0.42 0.41 0.40 0.38 0.010 ns ns ns ns

LDL-Chol, mmol l–1 0.93 1.30 1.17 1.16 0.93 1.14 1.16 0.062 ns ns ns ns

CHOL/HDL 1.42 1.66 1.56 1.58 1.42 1.61 1.78 0.042 ns ns ns ns

% HDL 71.16 60.38 64.42 64.13 71.16 62.40 56.97 1.55 ns ns ns ns

AST, U l–1 210.5 156.6 178.1 175.1 210.5 201.4 152.9 5.75 ns ns ns ns

ALT, U l–1 23.51ab 26.82ab 17.41b 27.50a 23.51ab 22.10ab 18.33ab 0.93 * ns ns ns

AP, U l–1 2124 2002 1857 2103 2116 1987 2030 35.48 ns ns ns ns

LDH, U l–1 1337ab 1406ab 1520ab 1281b 1341ab 1495ab 1586a 25.62 * ns ns ns

Explanations: a, b – values in the rows with different letters differ significantly at p ≤ 0.05; c effect of experimental factors: DP – degree 
of polymerization, L – level of inulin in the diet

Tab. 3. Effect of the dietary level of two types of inulin (SI vs. LCI) on blood metabolic parameters of 42-day-old broiler chickens

Groups
Control SI LCI

Pooled 
SEM Treatment

Effect ofd

I II III IV V VI VII

Inulin share, % 0 0.2 0.4 0.6 0.2 0.4 0.6 DP L DP × L

Glucose, mmol l–1 11.64 12.16 12.01 11.90 12.21 12.29 12.27 0.113 ns ns ns ns

Uric acid, µmol l–1 290.9 281.1 269.8 301.7 266.5 259.4 267.7 0.013 ns ns ns ns

Urea, mmol l–1 0.78 0.77 0.77 0.75 0.78 0.75 0.76 0.012 ns ns ns ns

Creatinine, µmol l–1 32.81ab 33.15ab 36.70a 33.48ab 32.01b 31.81b 32.89ab 0.410 * * ns ns

Bilirubin, µmol l–1 5.21 4.56 4.71 4.65 4.87 4.40 4.52 0.086 ns ns ns ns

Total cholesterol, mmol l–1 3.16 3.52 3.71 3.68 3.32 3.23 3.40 0.061 ns * ns *

HDL-Chol, mmol l–1 2.06ab 2.34ab 2.52a 2.22ab 2.40ab 1.95ab 1.71b 0.068 * ns ns ns

Triacylglycerols, mmol l–1 0.40ab 0.34b 0.44a 0.35ab 0.31b 0.15c 0.38ab 0.014 * * ns *

LDL-Chol, mmol l–1 0.91b 1.02ab 0.99ab 1.29ab 0.83b 1.21ab 1.51a 0.056 * ns * *

CHOL/HDL 1.54ab 1.50b 1.48b 1.66ab 1.41ab 1.66ab 2.00a 0.043 * ns * ns

% HDL 62.08ab 66.26a 67.89a 60.81ab 72.10a 60.85ab 50.70b 1.503 * ns * ns

AST, U l–1 181.2c 223.5ab 233.4ab 243.4a 219.7ab 208.0b 234.6ab 3.684 * * * *

ALT, U l–1 20.30 22.11 22.60 20.61 21.91 19.32 22.53 0.381 ns ns ns ns

AP, U l–1 1773 1801 1706 1659 1685 1816 1715 27.94 ns ns ns ns

LDH, U l–1 1561 1457 1432 1621 1568 1460 1552 17.89 ns ns ns ns

Explanations: a, b, c – values in the rows with different letters differ significantly at p ≤ 0.05; d effect of experimental factors: DP – 
degree of polymerization, L – level of inulin in the diet
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Blood analyses, widely used in large domestic animal 
medicine, are not commonly performed in avian diag-
nostics, because no physiological reference values are 
available (28). Furthermore, the considerable individual 
differences in the biochemical indices of birds are the 
main reason for the wide physiological ranges specified 
for chickens (17).

There are many published studies on humans and 
animals concerning the direct and/or indirect effects 
of dietary prebiotic supplements, including inulin, on 
the structure and functioning of various systems and 
organs in the organism. In studies on farm animals, the 
addition of prebiotics was found to stimulate the per-
formance of animals, stabilize the microbiome of the 
digestive tract, and improve animal health status (10, 
13, 15, 24, 54). On the other hand, other authors did 
not find such an impact (4, 11). Some studies proved 
that prebiotics have growth-promoting effects similar 
to antibiotic treatments (21). Positive changes in diges-
tive enzymes, gut morphology, and the immune system 
were found in birds given prebiotic-supplemented feed 
(12, 52). However, there are many factors to be con-
sidered when supplementing prebiotics in animal feed 
(54), which include the type of diet (i.e., the content of 
non-digestible oligosaccharides), the type and inclusion 
level of the supplements, animal characteristics (spe-
cies, age, stage of production), and the hygiene status 
of the farm (46). The optimal dose of prebiotics exerting 
a growth-promoting effect is not easy to define. Biggs 
et al. (5) proved that feeding a higher level (0.8%) of 
inulin and short-chain fructo-oligosaccharides depressed 
growth performance, the digestibility of amino acids, 
and metabolizable energy in birds. However, there are 
studies in which even a higher dose was supplemented 
(1%) (24). Moreover, as reported by Ten Bruggencate 
et al. (44), the rapid fermentation of prebiotics lead-
ing to high concentrations of organic acids impaired 
the barrier function, which reduced the ability of rats 
to resist salmonella infection. Besides, the influence 

can be modulated also by the interaction between the 
prebiotic and the sex of birds. Yusrizal and Chen (55) 
observed that the body weight and feed conversion ratio 
(FCR) of female birds were improved by 10% and 9%, 
respectively, upon oligofructose treatment, but no such 
effects were observed in males. The results of our study 
also proved that the type of inulin (SI vs. LCI) and its 
level (0.2, 0.4, or 0.6) influenced the blood indices of 
broiler chickens.

Lipid metabolites are strongly associated with energy 
metabolism and reflect its fluctuation during the growth 
period (28). Numerous studies on humans and animals 
showed that dietary fructans have hypolipidemic prop-
erties manifested by a lowered plasma total cholesterol 
and triacylglycerol content (18, 50). There are several 
hypotheses that explain these mechanisms. According 
to Delzenne et al. (6), these properties may result from 
a reduced absorption of nutrients, an enhanced excretion 
of bile acids, or improved propionic acid production by 
microorganisms in the gastrointestinal tract. Synthesis 
of bile acids from cholesterol in the liver is the most 
important way of cholesterol excretion (51). Prebiotics 
and probiotics can modulate cholesterol concentrations 
by increasing the activity of lactic acid bacteria, which 
produce enzymes that disintegrate bile salts and de-
conjugate them, as well as SCFA that lower pH in the 
intestinal tract (2). At a low pH, the solvability of non-
conjugate bile acids is lowered, and they are absorbed 
less from the intestine and are excreted more in the 
feces. To reestablish the hepatic cycle of bile acids, the 
liver converts more cholesterol into tissue, and in conse-
quence the concentration of CHOL in blood is reduced 
(34). On the other hand, propionic acid is an inhibitor 
of the hydroxymethylglutaryl-CoA reductase enzyme 
necessary for cholesterol synthesis, which reduces en-
dogenous cholesterol biosynthesis in the liver (48). The 
triacylglycerol-lowering action of oligofructose is due to 
the reduction in de novo fatty acid synthesis in the liver 
(48). In the present study, we noted a downward trend 

Tab. 4. Effect of the dietary level of two types of inulin (SI vs. LCI) on blood plasma proteins of broiler chickens

Groups Day 
of life

Control SI LCI
Pooled 
SEM Treatment

Effect ofd

I II III IV V VI VII

Inulin share, % 0 0.2 0.4 0.6 0.2 0.4 0.6 DP L DP × L

Total protein, g l–1
21d 29.53b 28.49b 28.03b 30.06b 29.53b 34.71a 29.13b 0.324 * * * *

42d 30.16b 27.22c 31.71ab 27.94c 32.52a 30.31ab 32.12a 0.308 * * ns *

Albumin
21d 17.24b 15.25c 15.9bc 16.11bc 17.23b 19.88a 15.32c 0.248 * * * *

42d 15.39b 14.73b 16.1b 12.02c 18.11a 17.54ab 16.91ab 0.295 * * * *

Globulin
21d 10.28b 11.28ab 11.13ab 12.94a 11.38ab 11.85a 12.01a 0.151 * * * *

42d 12.59ab 11.47b 13.64ab 13.91a 13.61ab 12.68ab 13.70a 0.173 * ns * *

IgG, mg ml–1
21d 2.15 2.73 2.81 2.81 2.35 2.37 2.45 0.074 ns * ns ns

42d 3.74 3.91 4.07 4.18 3.95 4.09 4.16 0.100 ns ns ns ns

IgM, mg ml–1
21d 0.26 0.29 0.33 0.35 0.29 0.33 0.31 0.013 ns ns ns ns

42d 0.72b 0.88ab 0.97a 0.93a 0.85ab 0.83ab 0.75b 0.018 * * * *

IgA, mg ml–1
21d 0.06b 0.07ab 0.07ab 0.08a 0.06b 0.06b 0.06b 0.002 * * ns ns

42d 0.24b 0.26ab 0.28ab 0.29a 0.18c 0.19c 0.22bc 0.006 * * ns ns

Explanations: as in Tab. 3
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in the total cholesterol, LDL-Chol, and triacylglycerol 
content in the blood plasma of broiler chickens fed a diet 
supplemented with inulin, as well as a noticeably higher 
share of the HDL cholesterol fraction, compared with 
that in the control group (Tab. 3). This confirms findings 
reported by other authors (2, 9, 36, 45, 53). The results 
obtained in chickens by Rebole et al. (29) and Velasco 
et al. (45) proved that inulin modifies the hepatic me-
tabolism of lipids.

Since proteins play crucial roles in transport, enzy-
matic, regulatory, and immune functions, their level in 
blood plasma is a good indicator of the health and nu-
tritional status of the organism. The supplementation of 
inulin also had significant impact on the protein profile 
in chickens’ blood (Tab. 4). Increased total protein and 
globulin levels were detected in the blood plasma of the 
inulin-treated broiler chickens. A similar tendency was 
found by Mátéová et al. (23) and Al-Kassie et al. (1). 
Higher serum globulin is an indicator of a better immune 
response and a source of antibody production (39). As far 
as the humoral defense system is concerned, one might 
expect an increase in humoral systemic response induced 
by inulin supplementation. Prebiotics, including inulin, 
can directly and indirectly affect some of the mecha-
nisms of resistance in animals, with positive effects in 
terms of their better productivity and health. Although 
the effect of prebiotics, including inulin, on the synthesis 
and activity of sIgA antibodies in the gastrointestinal 
tract has been confirmed (57), their impact on systemic 
antibody concentrations requires further investigation. 
According to Seifert and Waltz (40) and Tazoe et al. (43), 
the application of prebiotics caused increased production 
of short-chain fatty acids (SCFA) in the bloodstream, 
which can interact with the immune cells by binding to G 
protein-coupled receptors, such as GPR41 and GPR43, 
located in polymorphonuclear cells and peripheral blood 
mononuclear cells. Butyrate, one of SCFA, can suppress 
lymphocyte proliferation, inhibit cytokine production of 
Th1 lymphocytes, induce T-lymphocyte apoptosis, and 
increase production of IL-10.

The effects of oligosaccharides on the microbial popu-
lation and immune system of the gastrointestinal tract 
of chickens were described in several works (15, 42). 
Our studies confirmed the impact (p ≤ 0.05) of the type 
of inulin on the IgM and IgA concentration. However, 
compared to the control birds, there was a clear dose-
dependent tendency for the IgG concentration in the 
inulin-treated groups to increase, irrespective of the 
inulin type. There was an increase in the concentration 
of all immunoglobulin classes, especially visible dur-
ing the initial rearing period, which confirms the results 
reported by other authors (15, 38).

In birds, the content of uric acid, a major final product 
of nitrogen metabolism and an endogenous antioxidant 
in plasma, is strongly influenced by such factors as age, 
sex, and nutrition, whereas the content of urea and am-
monia are only slightly modified by these factors (39). 
In this study, no effect of the inulin treatments on the 
level of blood urea nitrogen was noted. Nevertheless, 
a reduced level of uric acid was detected in the groups 

receiving inulin, especially in the long-chain inulin 
(LCI) groups. The decrease in the uric acid concentra-
tion in blood plasma may suggest greater utilization of 
absorbed protein or a decrease in endogenous protein 
turnover in broiler chickens (39). As inulin is fermented 
in the large intestine and stimulates the growth of lactic 
acid bacteria, mainly from the genus Bifidobacterium, 
a significant increase in the production of short-chain 
fatty acids (SCFA) is observed. The consequence of the 
increased production of SCFA is a decrease in the pH 
of the intestinal content. In an acidic intestinal environ-
ment, not only the proliferation of pathogenic microor-
ganisms is reduced, but also the solubility of micro- and 
macronutrients as well as the pool of ionized compo-
nents and their absorption increase. Reduction in the 
concentration of non-protein nitrogen in blood induced 
by supplemental dietary probiotics or a modification of 
native microbiota has been reported in poultry (20, 25).

The liver serves a major function in the organism’s 
detoxification process. The measurement of the activity 
of hepatic enzymes provides efficient indicators of the 
health safety of inulin supplementation in broiler diets. 
The activity of AST in the finishing broiler chickens was 
higher than in the control group. The statistical analysis 
also confirmed that the AST activity was affected by the 
type and level of dietary inulin. However, the activities 
of all enzymes analyzed were within the normal range 
(39) in the inulin-treated groups, which confirmed the 
normal liver function. Similar tendencies in enzyme 
activity were demonstrated by Yalçinkaya et al. (53).

The results of the study show that the two types of 
inulin differing in the degree of polymerization (DP) 
(standard inulin from chicory root with DP ≥ 10 (SI) 
vs. long-chain inulin (LCI) of DP ≥ 23) can modulate 
the metabolic profile in broiler chickens. The degree 
of polymerization (DP) largely determines the site of 
fructan fermentation in the gastrointestinal tract (16, 
49). Fructans with a low polymerization degree undergo 
relatively fast microbial fermentation, while long-chain 
fructans are more resistant to fermentation and undergo 
the process only in the end parts of the gastrointestinal 
tract (37). Although fructans with varied degrees of po-
lymerization stimulated the growth and activity of vari-
ous Bifidobacterium and Lactobacillus species present in 
the entire gastrointestinal tract (27), short-chain fructans 
were fermented by a greater number of Bifidobacterium 
species (35). The different fermentation place in the 
gastrointestinal tract, dependent on the polymerization 
degree, and the influence of inulin on the intestinal mi-
crobiota can have varying effects on the fluctuations of 
blood indices. However, the mechanisms through which 
these effects develop are still unclear.

In the present study, it seems that inulin with the 
higher polymerization degree (LCI; DP ≥ 23) provided 
better results in terms of the blood metabolic profile 
throughout the broiler fattening period. However, the 
impact of this factor is not explicit. The addition of the 
inulin extract at an amount of 4-6 g per kg of mixture 
is recommended, but further experiments are recom-
mended.
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