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Abstract
The aim of the present study was to assess the effect of different levels of fermented soybean meal 
on growth performance, intestinal morphology, metabolic indicators, and immunity in turkeys. 
The material for the study consisted of day-old BIG 6 turkeys raised to the age of 112 days. The 
experiment was carried out on 800 turkey hens (10 replications of 20 individuals each), assigned to 
4 experimental groups of 200 birds each. The feed for the control group (FSBM0) was a standard 
mix without fermented soybean meal. For turkeys from groups FSBM7, FSBM9 and FSBM10 the 
diet contained 70, 90 or 100 g fermented soybean meal (FSBM) per kg of feed, respectively. The 
study showed that including fermented soybean meal in feed for turkeys at 7% improved intestinal 
histology and stimulated the immune and antioxidant systems. The use of higher level of FSBM 
(9% and 10%) in the diet of the turkeys improved growth performance and had a beneficial effect 
on the histology of the small intestine. The dietary inclusion of 10% FSBM had beneficial effect on 
red-blood-cell parameters, but caused negative impact on liver and kidney function (an increase of 
aminotransferases activity, content of glucose and creatinine in turkeys’ blood). Ten percent share 
of FSBM in feed contributed to an adverse intensification of oxidation and inflammatory reactions 
which were reflected by an increase of malonyldialdehyde, lipid peroxides level and proinflamma-
tory inteleukine-6 contents.
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Soybean meal (SBM) is the most commonly used protein source in animal diets 
(Liu et al., 2007). However, a lot of anti-nutritional factors (ANFs), such as trypsin 
inhibitors, galactooligosaccharides, lectins, and allergenic proteins have limited the 
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application of SBM in poultry feed, especially for young poultry. Fermentation pro-
cess is one of the effective methods for processing of plant-based protein meals. It 
has been observed that fermentation enhances the nutritional value of feed through 
the biosynthesis of vitamins, essential amino acids and protein, by improving protein 
quality and fibre digestibility (Adetuyi and Ibrahim, 2014). It is believed that the 
fermentation process of soybean meal results in a significant reduction (by 80%) of 
the ANF content and an increase in the proportion of digestible phosphorus to 80%. 
In addition, this process favours the enrichment of the raw material with vitamins 
and minerals, as well as allows for a 15% more effective release of vegetable protein, 
rich in essential amino acids, especially methionine, lysine and threonine, and small 
peptides (e.g. glutathione) that can further increase the nutritional value of supple-
mental fermented soybean meal (FSBM) (Hong et al., 2004; Hur et al., 2014; Kim et 
al., 2010; Zhang et al., 2013).

Moreover, the fermentation process enriches the product with beneficial microor-
ganisms (e.g. live Lactobacillus cultures) and the bioactive substances they produce. 
The inclusion of fermented products in monogastric animals feed has been shown 
to induce beneficial effects on growth performance and gastrointestinal health by 
exhibiting probiotic activity and could therefore be treated as an alternative for an-
tibiotic growth promoters (Missotten et al., 2015). Feng et al. (2007 a) reported that 
feeding of FSBM contributed to a significant increase in the activities of digestive 
enzymes (trypsin, lipase, and protease) in intestinal contents of broiler chickens. Fer-
mented feed may reduce the pH of the digestive tract and thereby inhibit the growth 
of populations of pathogenic bacteria, and also may improve the histology of the 
intestines (Mathivanan et al., 2006). High content of lactic acid bacteria and bioac-
tive peptides, as well as antioxidant compounds, in fermented meal as compared to 
unfermented meal may modulate immune response (Feng et al., 2007 b; Xu et al., 
2011). The fermentation process contributes to lowering the level of soy allergens 
(glycinin, ß-conglycinin, and trypsin inhibitors), and the use of FSM reduces the 
risk of food hypersensitivity reactions (Liu et al., 2007). The beneficial effects of ap-
plication of fermented protein meals (soya, rapeseed or faba beans) on performance 
and general health of different poultry species are well documented (Drażbo et al.,  
2018 a; Jazi et al., 2018; Xu et al., 2011). However, the available literature lacks 
precise data on the effect of dietary use of fermented soybean meal in on the health 
and performance of turkeys.

In view of the above, the aim of this study was to verify the hypothesis postu-
lating that the fermentation of soybean meal added to turkey diets has a beneficial 
influence on the growth performance, metabolic indicators, immune status and mor-
phometry of the intestines of turkey.

Material and methods

Source of fermented soybean product
Fermented soybean meal (FSBM) from European Protein (Bække, Denmark) 

were used in the study. FSBM was prepared from soya by-products, i.e. solvent-
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extracted soybean meal (SBM, containing 470 g/kg CP). Fermentation was carried 
out by Lactobacillus plantarum strain. The growth medium for bacteria consisted 
of potato starch, potatoes and wheat. The composition of the FSM and FSBM is 
presented in Table 1.

Table 1. Composition of non-fermented soybean meal (SBM) and fermented soybean meal (FSBM)

Item SBM FSBM

Ingredients (g/kg)

dry matter 897.2 895

crude protein 470.5 505

crude fat 19.9 22

crude fibre 35.8 34

crude ash 64.5 64

non-starch polysaccharides (nsp) 124.3 114

raffinose 45 <5

lactic acid 1.95 74

lysine 24.6 27.9

methionine 5.8 6.9

threonine 17.4 19.8

tryptophan 6.2 6.4

Lactobacillus (log CFU/g) 4.22  6.86

TIA* (mg/g) 2.86 <0.5

B-conglycinin (mg/g) 58.94 <2 

*TIA – trypsin inhibitors.

Animals
The material for the study consisted of day-old BIG 6 turkeys raised to the age 

of 112 days. The experimental procedure was approved by the Second Local Ethics 
Committee for Experiments with Animals in Lublin (approval no. 30/2016). Turkeys 
were raised in pens on litter until 16 weeks of age in a building with a controlled en-
vironment, and they had free access to feed and water (Smulikowska and Rutkowski, 
2005). The experiment was carried out on 800 turkey hens assigned to 4 experimen-
tal groups of 200 birds each (10 replications of 20 individuals each). During each 
of 4 feeding phases, birds were fed ad libitum isonitrogenous and isocaloric diets in 
pellet form. The feed for the control group (FSBM0) was a standard mix without fer-
mented soybean meal. The diet for turkeys from groups FSBM7, FSBM9 and FSBM10 
contained 70, 90 or 100 g fermented soybean meal per kg of feed.

The diets were prepared in the Trouw Nutrition (Poland). The nutritional value 
of diets was consistent with the nutrient requirements of turkeys (British United Tur-
key). Table 2 presents the composition of control and experimental diets prepared 
in succession per feeding period and Table 3 presents calculated nutritional value 

according to Polish Feedstuff Analysis (Smulikowska and Rutkowski, 2005).
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Growth trial and sample collection
At the end of each period, the body weights of turkeys, feed intake, and mortality 

rates were recorded and each pen of 20 birds was considered an experimental unit. 
Body weight gain (BWG), daily feed intake (DFI), feed conversion ratio (FCR) were 
calculated for each group. At the termination of the experiment, at 112 d of age,  
9 birds representing the average BW per treatment were selected, tagged and fasted 
for 8 h. Blood samples were collected from the wing vein intravitally, and birds were 
sacrificed by cervical dislocation. To study intestinal histology, one square centime-
tre of whole thickness tissue samples from the jejunum was taken. The samples were 
placed in 4% buffered formaldehyde (Sigma-Aldrich Corporation, St. Louis, Mis-
souri, USA) for 5 d and then stored in ethanol.

Laboratory analysis
Haemoglobin content (Hb), haematocrit (Ht), erythrocyte count (RBC) and leu-

kocyte count (WBC) in the blood were determined in an Abacus Junior Vet hae-
matology analyser (Diatron, Hungary). Immunoglobulins: A, M and Y (IgA, IgM 
and IgY) and interleukin IL-6 (IL-6) in the blood were determined in an ELISA 
reader using assays from Elabscience Biotechnology Co., Ltd. Superoxide dis-
mutase activity (SOD) in the erythrocytes was determined using a Ransod diagnos-
tics kit from Randox and catalase activity (CAT) was determined according to Aebi  
(1984). Plasma content of glutathione (GSH + GSSG), lipid peroxides (LOOH) 
and malondialdehyde (MDA), as well as total antioxidant potential (FRAP) and  
vitamin C, were determined according to methods described by Ognik and Wertelecki 
(2012). Kits developed by Cormay (PZ CORMAY S.A. Poland) were used to  
determine the content of the following biochemical indices in the blood plasma 
samples: glucose (GLU), total protein (TP), albumin (ALB), uric acid (UA), urea 
(UREA), bilirubin (BIL), creatinine (CREAT), total cholesterol (TC) and its frac-
tions, i.e. high-density cholesterol (HDL) and triacylglycerols (TG); activity of the 
enzymes alkaline phosphatase (ALP; EC 3.1.3.1), alanine aminotransferase (ALT; 
EC 2.6.1.2), aspartate aminotransferase (AST; EC 2.6.1.1) and lactate dehydroge-
nase (LDH; EC 1.1.1.27); content of phosphorus (P), calcium (Ca), and magnesium 
(Mg). 

Intestinal samples collected during dissection were subjected to histological eval-
uation. From each intestinal sample, 20 intestinal villi were selected. Their length 
was measured from the tip to the base, and then they were cut into slices. The depth 
of 20 crypts was measured as well, after which they were cut in two lengthwise. Sam-
ples of the jejunum were fixed for 24 h in 5% formalin, pH = 7.2. Within 24 hours the 
fixed tissue fragments were passed through increasing concentrations of alcohol so-
lutions, acetone and xylene into paraffin blocks in a tissue processor (Leica TP-20). 
Paraffin-embedded microscope sections 5 µm thick were stained with haematoxylin 
and eosin (HE staining). Morphometric evaluation of the length of the villi and depth 
of the crypts was carried out using a computer-assisted microscopic image analysis 
system. The system includes a light microscope (Nikon Eclipse E600) with a digital 
camera (Nikon DS-Fi1) and a PC with image-analysis software (NIS-Elements BR-
2.20, Laboratory Imaging). 
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Statistical analysis
Numerical data were processed by one-way analysis of variance (ANOVA) and 

the results were presented as mean values for groups and standard error of mean 
(StatSoft Inc. 2009).

Table 4. Performance of turkey hens

Indicator FSBM0 FSBM7 FSBM9 FSBM10 SEM P-value

BWG (kg) 8.874 b 8.995 ab 9.128 a 9.052 a 0.563 0.047

DFI (g) 0.210 0.211 0.220 0.217 0.052 0.987

FCR (kg/kg) 2.482 2.462 2.532 2.512 0.264 0.625

Mortality (%) 2 1 2 2 NA NA

a, b – means with different letters within a row are significantly different at P≤0.05; SEM – standard error 
of mean, NA – not analysed.

FSBM0 – standard mix without fermented soybean meal, FSBM7 – diet contained 7 g fermented soybean 
meal per kg of feed, FSBM9 – diet contained 9 g fermented soybean meal per kg of feed, FSBM10 – diet contained 
10 g fermented soybean meal per kg of feed.

Results

Administration of a diet with a 9% or 10% share of FSBM led to an increase 
(P=0.047) in body weight gains of the turkeys (Table 4). Morphological measure-
ments of the jejunum of the turkeys, presented in Table 5, showed that the fermented 
meals had a positive impact on the histology of the intestine. An increase in villus 
length was observed in the groups of turkeys from the FSBM7, FSBM9 and FSBM10 
treatments (P<0.001). This effect was reflected in the proportion of villus length to 
crypt depth, particularly in groups FSBM7 and FSBM10 (P=0.025). The haematologi-
cal analysis showed that the diet with fermented soybean meal, especially the FSBM10 
treatment, had a positive impact on red blood cell parameters, as evidenced by an 
increase in the RBC count (P=0.042), Hb level (P=0.029) and Ht value (P=0.051). In 
the present study, in all experimental groups (especially FSBM10) an increase in the 
IgM (P=0.002) level was observed (Table 6). A significantly (P=0.037) lower IgA 
level was noted in the blood of the turkeys from the FSBM7 treatment as compared 
to the FSBM9 and FSBM10 treatments. The diets with FSBM (in all treatments) con-
tributed to a decrease in IgY content (P=0.002). An increase (P=0.003) in the plasma 
level of IL-6 was observed only in the FSBM9 and FSBM10 treatments. The data in 
Table 7 show that the 10% share of fermented soybean meal in the turkey feed caused 
a significant increase in the activity of liver enzymes AST and ALT (P=0.023 and 
P=0.001, respectively) and in the content of GLU (P=0.048) and CREAT (P=0.047) 
as compared to the control. In the FSBM7 and FSBM9 treatments an increase in the 
content of HDL cholesterol in the plasma was noted (P=0.035). The use of the high-
est proportion of fermented soybean meal in the diet of the turkeys (FSBM10) caused 
an increase in the content of LOOH (P=0.026) and MDA (P=0.001), the activity of 
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SOD (P<0.001), GPx (P=0.001) and CAT (P=0.003), a decrease in FRAP (P=0.001) 
and GSH+GSSG (P=0.033) in the blood as compared to the control (Table 7). In the 
turkeys receiving the diet with the smallest proportion of fermented soybean meal 
(FSBM7), plasma levels of LOOH and MDA were lower (P=0.026 and P=0.001, re-
spectively) than in the control, while levels of FRAP and GSH+GSSG (P=0.001 and 
P=0.033, respectively) were higher (Table 8).

Table 5. Measurements of the villi and crypts of the jejunum of turkey hens

Indicator FSBM0 FSBM7 FSBM9 FSBM10 SEM P-value

Villus height in the jejunum (μm) 1830.3 b  2367.6 a  2195.3 a  2312.9 a 12.36 <0.001

Crypt depth in the jejunum (μm)  167.99 ab 145.85 b 154.34 b 186.71 a 6.942 <0.001

Villus height/crypt depth ratio 10.89 b 16.23 a 14.22 a 12.39 ab 0.14 0.025

a, b – means with different letters within a row are significantly different at P≤0.05; SEM – standard error 
of mean.

FSBM0 – standard mix without fermented soybean meal, FSBM7 – diet contained 7 g fermented soybean 
meal per kg of feed, FSBM9 – diet contained 9 g fermented soybean meal per kg of feed, FSBM10 – diet contained 
10 g fermented soybean meal per kg of feed.

Table 6. Haematological and immunological parameters of the blood of turkey hens

Indicator FSBM0 FSBM7 FSBM9 FSBM10 SEM P-value

WBC (109/l) 22.81 20.81 20.95 21.62 0.894 0.137

RBC (1012/l) 0.881 b 0.931 ab 0.916 ab 1.012 a 0.047 0.042

Hb (g/l) 83.44 b 82.00 b 88.50 ab 94.63 a 0.062 0.029

Ht (%) 12.87 b 13.74 ab 13.34 ab 14.50 a 0.033 0.051

IgA (ng/ml) 29.98 ab 21.11 b 31.38 a 31.58 a 0.055 0.037

IgY (ng/ml) 860.1 a 784.5 b 711.8 c 727.9 b 0.752 0.002

IgM (ng/ml) 637.8 c 882.2 b 996.4 ab 1150.1 a 1.094 <0.001

IL-6 (ng/ml) 4.231 b 4.134 b 5.338 a 5.142 a 0.483 0.003

a, b – means with different letters within a row are significantly different at P≤0.05; SEM – standard error 
of mean.

WBC – leukocytes, RBC – erythrocytes, Hb – haemoglobin, Ht – haematocrit, IgA – immunoglobulin A, 
IgY – immunoglobulin Y, IgM – immunoglobulin M, IL-6 – interleukin 6.

FSBM0 – standard mix without fermented soybean meal, FSBM7 – diet contained 7 g fermented soybean 
meal per kg of feed, FSBM9 – diet contained 9 g fermented soybean meal per kg of feed, FSBM10 – diet contained 
10 g fermented soybean meal per kg of feed.
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Table 8. Redox parameters of the blood of turkey hens

Indicator FSBM0 FSBM7 FSBM9 FSBM10 SEM P-value

LOOH (µmol/l) 89.96 b 75.98 c 91.43 b 103.2 a 2.136 0.026

MDA (µmol/l) 0.689 b 0.639 c 0.862 ab 1.081 a 0.431 0.001

SOD (U/g Hb) 1896.2 b 1904.6 b 2861.7 b 3157.2 a 116.9 <0.001

GPx (U/g Hb) 95.63 b 114.2 ab 99.54 b 135.24 a 1.145 0.001

CAT (U/g Hb) 485.6 c 459.7 c 534.2 b 614.2 a 6.135 0.003

FRAP (µmol/l) 115.2 b 136.9 a 108.84 b 88.65 c 3.695 0.001

GSH+GSSH (µmol/l) 0.186 b 0.236 a 0.164 bc 0.128.6 c 0.139 0.033

Vit. C (µmol/l) 0.842 0.856 0.812 0.832 0.268 0.268

a, b, c – means with different letters within a row are significantly different at P<0.05; SEM – standard error 
of mean.

LOOH – lipid peroxides, MDA – malondialdehyde, SOD – superoxide dismutase, GPx – gluthatione peroxi-
dase, CAT – catalase, FRAP – total antioxidant status in plasma, GSH + GSSG – total glutathione.

FSBM0 – standard mix without fermented soybean meal, FSBM7 – diet contained 7 g fermented soybean 
meal per kg of feed, FSBM9 – diet contained 9 g fermented soybean meal per kg of feed, FSBM10 – diet contained 
10 g fermented soybean meal per kg of feed.

Discussion

 In the current study the diet containing fermented soybean meal had no effect 
on feed intake and feed conversion ratio, but turkeys fed the diet with 9% and 10% 
FSBM achieved higher final body weight than control birds. Our results corroborate 
those of Feng et al. (2007 a) who observed growth-promoting activity of FSBM in 
chickens. 

It is likely that the improvement of growth in chicks that had been fed some 
FSBMs may be associated with a decrease of the content of anti-nutritional factors 
or changes in peptide size by fermentation. During fermentation, soybean proteins 
are converted to better available, low-molecular-weight and water-soluble peptides. 
This process reduces contents of trypsin inhibitors, phytic acid, oligosaccharides and 
allergenic proteins which interfere with digestion, absorption, and utilization of nu-
trients (Liu et al., 2017). The post-extraction fermentation process of soybean meal 
used to compose our blend made the level of trypsin inhibitors decreased. Feng et 
al. (2007 a) has revealed that inclusion of FSM to the diet contributed to significant 
elevation of the activities of digestive enzymes (trypsin, lipase, and protease) in in-
testinal contents of broiler chickens.

Numerous studies conducted in recent years have shown that the inclusion of 
fermented protein products in animal diets has a beneficial effect on growth perfor-
mance (Drażbo et al., 2018 a, b). The improvement of the growth may be also at-
tributed to beneficial changes in microbial profile in gastrointestinal tract (GIT). The 
results of the present study indicate that a diet with a 9% or 10% share of fermented 
soybean meal had a beneficial effect on body weight gains, which could have been 
associated with their bactericidal and/or bacteriostatic effect on the microbiome of 
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the gastrointestinal tract (Dhama et al., 2011). It is worth noting that after the bacteri-
al fermentation process, the final product was enriched with live cultures of probiotic 
lactic acid bacteria (LAB), which could colonize the GIT of turkeys. By producing 
volatile fatty acid and bacteriocins, LAB create conditions unfavorable for growth of 
undesirable bacteria including pathogenic bacteria strains. Engberg et al. (2009) in 
the experiment on laying hens and Jazi et al. (2017) in the experiment on chickens 
have shown that feeding fermented products increased population of desirable mi-
crobiota and decreased population of pathogenic coliform bacteria in the intestine. 
It has been proven that microbial activity in the GIT significantly influences growth 
performance and health condition of poultry (Niba et al., 2009). 

Histomorphological analyses have shown that partial replacement of soybean 
meal by fermented soybean meal in turkeys diet contributed to an increase of villus 
height and villus height/crypt depth ratio. It is worth noting that fermentation of soy-
bean meals significantly decreases level of allergenic proteins: glycinin and ß-cong-
lycinin. They induce hypersensitivity reactions, promoting intestinal villus atrophy 
and decreasing the ratio between the villi length and crypt depth (Wang et al., 2012). 

The integrity of the small intestine is usually expressed by the height of the in-
testinal villi and the depth of the crypts. It is commonly known that longer intestinal 
villi lead to enlargement of absorptive area, thus improving nutrient absorption (Cui 
et al., 2018; Hou et al., 2013). According to Montagne et al. (2003) an increase in 
the villus height to crypt depth ratio is a potent indicator of absorptive capability of 
the small intestine. Studies conducted by other authors have revealed that diets with 
fermented products positively influenced small intestine structure and functions in 
poultry which results in improved performance parameters (Drażbo et al., 2018 a, b; 
Jazi et al., 2018). Scholten et al. (2002) observed that villus height, villus shape and 
villus to crypt ratio were increased in swine fed with fermented diet, which may be 
due to higher level of lactic acid and other short chain fatty acids present in ferment-
ed feed. The increased villus height and better villus height/crypt depth ratio may be 
a consequence of an increased number of beneficial microbes (Xu et al., 2003). The 
improvement in the morphological parameters of the intestine contributed to greater 
absorption of nutrients and higher body weight gains in the birds, as well as a better 
feed conversion ratio. It has been proposed that feed nutrients utilisation is strongly 
related to the intestinal structure and villus health, and the small intestine is known 
as a major digestion and absorption site of dietary nutrients (Pluske et al., 1996). 
The improvement of intestinal morphology in the current study might be mostly due 
to the removal of antinutritional factors and the degradation of large-size protein to 
small-size peptides in soybean meal after fermentation (Hu et al., 2016). The live 
microbes in the fermented feed may also act as probiotic to enhance the humoral im-
mune response (Jazi et al., 2018). The lactic and acetic acid produced by the bacteria 
in the fermented feed creates an acidic environment about pH = 4. At this level of 
acidity, molecules of acid can enter the bacteria through their cell membranes, and 
the increased acidity within the cells interferes with enzymatic processes, killing the 
bacteria (Heres et al., 2003).

The blood haematological and biochemical as well as immunological indices were 
determined in order to evaluate the influence of experimental diets on health status 



R. Chachaj et al.1046

of birds. The results of red blood cells system parameters indicated that fermented 
soybean meal, especially supplemented at 10% level contributed to an increase in 
the RBC count, Hb level and Ht value. This effect may be related to high content of 
Lactobacilli in the fermented feed. The products of their metabolism, e.g. some B-
group vitamins, polyamines and arginine, are factors stimulating erythropoiesis and 
haemopoiesis. It can be suggested that the increased villus height was accompanied 
by an increasing proliferation of undifferentiated cells and their maturation into full 
enterocytes (Gnikpo et al., 2016). Lactic acid and polysaccharides produced by Lac-
tobacilli can modulate the immune response, which can be seen in increased produc-
tion of immunoglobulins or modulation of cytokine secretion (Matsuzaki and Chin, 
2000). In addition, the fermentation process enriches product in bioactive peptides, 
which may improve immune function (Xue et al., 2009). Feng et al. (2007 a) showed 
that fermented soybean meal had beneficial effect on the performance parameters of 
chickens and increased the serum level of IgA and IgM. In experiments conducted 
by Xu et al. (2011), ducks fed fermented soybean meal had higher blood levels of 
IgA and IgG. The results of the present study indicated that diet with 9% and 10% 
FSBM contributed to an increase in pro-inflammatory interleukin-6 in the blood. 
Moreover, fermented soybean meal added into the diet of turkeys (in all treatments) 
caused an increase in the level of serum IgM. In turn, a decrease in serum IgY level 
was also observed. It is worth noting that in poultry, immunoglobulin Y is the func-
tional equivalent to immunoglobulin G. It is known that soybean proteins (glycinin 
and ß-conglycinin, and trypsin inhibitor) may induce IgG-mediated hypersensitivity 
response (Nowak-Węgrzyn et al., 2015). The decrease in serum IgY concentration 
may suggest that fermentation effectively reduced contents of allergenic soybean 
compounds. Similar results, as a consequence of replacement of soybean meal by 
fermented soybean meal in diet were observed in pigs (Liu et al., 2007). 

An increase of IL-6 concentration observed in the group receiving the highest 
share of FSBM in the feed ration is not a favourable phenomenon, because according 
to Liu et al. (2017) it stimulates, mediates and promotes the occurrence of inflam-
matory bowel disease. The results of the current study revealed that diet with FSBM 
caused an increase in the concentration of total protein in the plasma of turkeys.  
A similar result, indicating that fermented rapeseed meal increased the TP level in 
the blood of chickens, was obtained by Hu et al. (2016). This effect may have been 
linked to the beneficial effect of the fermentation process on the digestibility and 
bioavailability of amino acids in the feed (Feng et al., 2007 b). A beneficial effect, 
observed in the FSBM7 and FSBM9 treatments was an increase in the HDL cho-
lesterol content. Similarly, an increase in the level of this cholesterol fraction was 
also observed by Hung et al. (2008) following administration of fermented soybean 
meal to piglets. The diet with 10% FSBM led to an increase in liver enzymes activ-
ity: AST and ALT which should be considered an adverse effect. Daoguang et al. 
(2015) reported an increase in ALP activity in the plasma of piglets receiving feed 
with FSBM in the amount of 3%, 6% and 9%. The increase in the GLU and CREAT 
levels in the blood of the turkeys receiving feed with 10% fermented soybean meal 
indicates that it may have a negative effect on liver and kidney function. Similarly to 
the present study, an increase in the glucose level in broiler chickens receiving 10% 
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addition of fermented rapeseed meal was reported by Hu et al. (2016). The elevated 
glucose level found in the FSBM10 group may have been caused by a weaker liver 
condition in these birds. In this situation, gluconeogenesis may be impaired and the 
process of disintegration of replacement sugars may increase, hence their high level 
in the blood. In addition, such a condition is observed in the situation of impaired 
glucose tolerance, the effect of which is an increase in blood glucose concentration 
and a decrease in the sensitivity of cells to insulin. Insulin deficiency then causes 
increased lipolysis, increases the oxidation of fatty acids, inhibits glycolysis, which 
additionally strengthens and intensifies insulin resistance (Dam, 2008).

Analysis of redox parameters of turkeys’ blood showed that diet with 9 and 10% 
fermented soybean meal caused an increase in the content of lipid peroxides and 
malondialdehyde as well as in the activity of SOD, GPx and CAT. These changes 
were accompanied by a decrease in FRAP and GSH+GSSG content in the blood. 
Our study showed that the fermented soybean meal used in the feed contained nutri-
ents with antioxidant properties (vitamin C and polyphenols) (Adetuyi and Ibrahim, 
2014). Drażbo et al. (2018 b) found fermented rapeseed cake to stimulate the anti-
oxidant system of turkeys, which was reflected in a decrease in the concentrations 
of LOOH and MDA, and an increase in the FRAP and the concentration of GSH 
+ GSSG in blood plasma, compared with the control group. A study by Liu et al. 
(2017) showed that biologically active peptides of soybean, exhibit strong antioxi-
dant properties. Qingbao et al. (2007) added soy isoflavones to the diet of chickens 
in the amount of 10, 20, 30 mg/kg and noted a significant improvement in the growth 
performance of the birds receiving the lowest and the intermediate dose of the sup-
plement, but observed no effect on antioxidant status in the birds. Our study showed 
that increasing the share of fermented soybean meal in a diet of turkeys (treatments 
FSBM9 and FSBM10) had an adverse effect on indicators of antioxidant status. From 
a practical perspective, an increase in parameters indicating induction of oxidation 
mechanisms is an adverse phenomenon, as it may have a negative effect on the qual-
ity of the turkey meat (Tavárez et al., 2018).

Conclusions
The study showed that by including fermented soybean meal in feed for turkeys 

at 7%, the histology of the small intestine can be improved and the body’s immune 
and antioxidant systems can be stimulated. The use of higher levels of FSBM (9% 
and 10%) in the turkeys’ diet improves the growth performance, but causes adverse 
oxidation reactions in the body and an increase in IL-6 levels that can potentially 
stimulate inflammatory processes in the gut.
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