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Abstract: Despite the fact that humic substances (HS) have been frequently studied in relation to
their effects on livestock health, studies on their influence on egg production and quality, immunity,
and intestinal microbiota of laying hens are limited. In this study, the influence of 0.5% HS supple-
mentation on the specific production parameters of eggshell mineral quality, immune parameters
(relative expression of IgA, IGF-2, MUC-2 gene in cecum; activity of phagocytes, percentage of
selected lymphocyte subpopulations in the peripheral blood), and number of lactic acid bacteria
and enterobacteria in the intestinal contents in laying hens was tested. The addition of 0.5% HS
to the laying hen feed had a positive effect on egg laying rate, daily egg mass, egg weight, feed
conversion and eggshell quality and also had an immunostimulatory effect manifested by increased
phagocyte activity and B cell response. Concurrently, an increase in the number of enterobacteria in
the intestinal contents and a decrease in the proportion of T lymphocytes (p < 0.05) was observed,
which can be considered as a negative effect of HS. The results confirmed that HS can be used for the
improvement of egg production and targeted immunostimulation, but their effect on the intestinal
microbiota and T lymphocytes should be studied in more detail.

Keywords: humic substance; egg; immune answer; lymphocyte; intestinal microbiota

1. Introduction

Humic substances (HS) have a complex organic matter structure, which, among other
things, reduces the toxic effect of herbicides, heavy metals, and soil-polluting radionu-
clides [1–4]. Moreover, it has been shown that HS transfer micronutrients, especially iron
from soil to plants, and improve microbial populations in soils [5]. Active components
of HS consist of humic acid, humus, ulmic acid, fulvic acid, humin, and certain microele-
ments [6,7]. HS have primarily been used to stimulate plant growth [8], but they were also
successfully applied in poultry nutrition, e.g., in various forms (natural and acidified HS)
and concentrations (0.25% of HS extract, 0.6%, 0.8%, and 1.0% HS) [9–12].

Recently, trends in agriculture and animal feed applications are aimed at studying the
impacts of various feed supplements targeting the enhanced health and productivity of the
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animals to produce healthy and safe food [13]. Egg quality and production are the most
important economic factors in layer hen industry because worldwide egg consumption
has been increasing in last decade [14]. Laying hen nutrition could be considered as
one of the critical factors for optimizing egg quality in terms of nutritional composition
or the economic aspects of whole egg production [15]. Novel nutritional approaches in
poultry nutrition represent appropriate strategies for the improvement of animal feed
conversion, mainly via feed ingredients or additives. Natural nutritional substances, such
as antioxidants, vitamins, trace elements, etc., are well known for their positive impact
on health and disease prevention in laying hens [16], while the use of HS in the diets of
laying hens as feed additive is substantially new issue [17]. The productive performance
and egg quality in layers could be affected by hen nutrition [18], and because of that, we
assumed the improvement of the observed variables with HS supplementation in the diets
of laying hens.

Nagaraju et al. [19] presented that the addition of humic acids to antibiotic-free feed
improved the performance and immune status of broilers. Specifically, modulation of
immune functions by means of HS also enables the support of health and production
parameters. The effect of HS on the body’s immune system is related to the ability of these
substances to form relatively strong complexes with carbohydrates [20]. Consequently,
these complexes make it possible to produce glycoproteins in the body, which are defined
by the ability to bind to NK cells and T lymphocytes in order to act as modulators and to
ensure subsequent communication between these cells. Thus, the ability of HS to affect the
immune system lies in the regulation of immune activity and the prevention of excessive
activity [21].

In addition, HS are also able to support the formation of a protective mucous film on
the intestine epithelium, which has an impact on gut health [22]. Similarly, Islam et al. [23]
reported positive effect of HS on farm animal health through the modification of the
ecosystem in the intestine. HS allows for the better utilization of nutrients and improves
not only gut health but also the quality of laid eggs [24]. Arpášová et al. [24] observed that
the addition of humic acid in 0.5% concentration led to significantly higher egg production
with an increased egg albumen index. Moreover, HS with supplementation with probiotic
products based on lactobacilli significantly increased the egg albumen index and Haugh
units. Sopoliga et al. [25] reported increased hatchability in pheasant laying hens after the
intake of humic substances in comparison to hens fed with the conventional feed mixture.

However, scientific studies on the effect of HS supplementation in the diets laying
hens on egg production and quality that are also supported by the immune parameters
are limited. For this reason, our study was focused on the influence of 0.5% HS supple-
mentation on the production parameters of eggshell mineral quality, immune parameters
(relative expression of IgA, IGF-2, MUC-2 gene in cecum; activity of phagocytes, percentage
of selected lymphocyte subpopulations (IgM+, CD3+, CD4+, CD8a+) in the peripheral
blood), and the number of lactic acid bacteria and enterobacteria in the intestinal contents
in laying hens.

2. Materials and Methods
2.1. Experimental Design

The animal protocol for this research was approved by the Ethical Committee for Ani-
mal Care and Use of University of Veterinary Medicine and Pharmacy in Košice (the Slovak
Republic) and the Food Administration of the Slovak Republic (approved the experimental
protocol number 3040/14-221). All procedures in this study were performed in accordance
with the principles of the European Directive on the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (European Parliament and Council, 2010).
The experimental diets were composed of commercial basal feed mixture with naturally
occurring biogenic and heterogeneous organic substances as a HS supplement in accor-
dance with regulation 68/2013 from 16 January 2013 of the European Union Commission,
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which states that the use of Leonardite is allowed as a source of HS as a feed component in
animal diets.

A total of sixty laying hens of the Lohman Brown classic hybrid (Eggro-farm Ltd.,
Košická Polianka, Slovakia) in the 17th week of life were divided into two groups: the
control (C) group and experimental humic (H) group. Each treatment group consisted
of 30 birds (average weight 1.36 ± 0.15 kg). The control group (C) was fed with a basal
feed mixture (De Heus, Bučovice, Czech Republic) without HS supplementation during
the trial. The experimental group (H) was fed with basic feed mixture supplemented with
0.5% dietary natural HS (Humac Ltd. Košice, Slovakia). The diet of the experimental
group (H) was prepared daily and was enriched with HS at a concentration of 0.5%. The
supplement was applied to the surface of the basal diet. The nutritional composition of the
basal feed mixtures is presented in Table 1. The dietary natural HS supplement used in the
experiment was ground and physically purified Leonardite without chemical treatment.
It contained natural HS with more than 65% of humic acid without acid salts [12]. Laying
hens were housed in floor pens with deep wood untreated litter in the form of being
free range in secure and controlled microclimate conditions according to the Lohmann
Brown Classic Management Guide [26]. The diet of the laying hens was formulated
according to the recommended nutrient content for Lohmann Brown Classic hens [26]. The
chemical compositions of the fermented feed and diets were determined for dry matter,
crude protein, crude fat, crude fibre, starch, and total phosphorus according to the EC
Commission Regulation 152/2009 [27] and Semjon et al. [28].

Table 1. Components and nutritional composition of laying hen diet.

Component Diet

Corn grain, % 27.50
Wheat grain, % 31.00
Barley grain, % 7.50

Soybean meal, % 11.00
Corn gluten meal, % 1.65

Rapeseed meal, % 1.70
Sunflower cake, % 3.20
Sunflower oil, % 3.00
Wheat bran, % 5.00
Limestone, % 6.00

Monocalcium Phosphate, % 1.25
Salt, % 0.20

Premix of amino acids, vitamins, and minerals *, % 1.00

Ingredients As Fed Dry matter

Dry matter, g·kg−1 899.00 1000.00
Crude protein, g·kg−1 157.50 175.19

Crude fat, g·kg−1 44.23 49.20
Crude fiber, g·kg−1 48.48 53.93

Ash, g·kg−1 128.60 143.05
Starch, g·kg−1 414.80 461.40

Calcium, g·kg−1 38.00 42.27
Phosphorus, g·kg−1 4.80 5.34

Sodium, g·kg−1 1.50 1.67
Copper, mg·kg−1 18.08 20.11

Zinc, mg·kg−1 65.90 73.30
Manganese, mg·kg−1 87.55 97.39

* Premix of amino acids, vitamins, trace elements (per kg): lysine 140 155 g; DL-methionine 180 g; vit.
A 1,200,000 IU; D3 500,000 IU; E 2000 mg; pantothenic acid 1800 mg; niacin 6000 156 mg; choline 60 mg;
B6 500 mg; B12 1.8 mg; folic acid 200 mg; copper 1100 mg; iron 8400 mg; zinc 8000 mg; 157 manganese 12,000 mg;
iodine 110 mg; selenium 40 mg.
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Laying hens were fed once a day with daily prepared diets. During weeks 17 and 18,
they were fed 75 g; in week 19, they were fed 81 g; from week 20 to the laying phase, they
were fed 93 g; and during the laying phase, they were fed 100 g of diet/layer/day. Access
of the layers to water was ad libitum. The lightening program from the 17th week of age
was set to a lighting period of at least 10 h, taking the natural day length into account, and
it was increased by one hour every week up to 14 h until 21 weeks of age and remained
stable from that point on [26]. Sufficient ventilation to ensure good litter condition was set.
Their health and weight were monitored continuously. The experiment was finished when
the laying hens were 29 weeks of age, at which point twelve hens were randomly selected
from both groups. These animals were used for blood collection, and after euthanization
by cervical dislocation, they were carcassed and sampled for further laboratory tests.

2.2. Production Parameters Screening

Daily egg production, egg weight and feed intake were recorded daily throughout
the trial. The feed conversation ratio (FCR) was expressed as each kilogram of feed
consumed per kilogram of egg produced by the batch. The laying rate (%) was calculated
as the number of laid eggs to number of laying hens by batch per day. For the presented
experiment, the number of eggs produced and the consumption of feed per animal, egg
weight (g), FCR, and laying rate in week 29 were recorded.

2.3. Egg Shell Analysis

The mineral composition of the eggshells was analyzed according to the procedure
of Skalická et al. [29]. Eggshell samples were immediately frozen and stored at −20 ◦C
until they were analyzed. The samples were digested in a MLS 1200 MEGA (Milestone
Microwave Laboratory System, Shelton, CT, USA) microwave oven using a mixture of
5 mL HNO3 and 1 mL HCl per 1 g of sample. The digested samples were analyzed for
the presence of Ca, Mg, K, Na, Cu, Zn, and Mn using an atomic absorption spectrometer
(Unicam Solar 939, Cambridge, UK). The phosphorus (P) content in the eggshell samples
was determined spectrophotometrically [30]. A total of 18 egg samples from the C and H
experimental groups were collected in week 29 and were subjected to eggshell analysis.
Eggshell analysis was performed in triplicate and was expressed as the mean and the
standard deviation

2.4. Homogenization of Cecum and Isolation of Total RNA of IgA, IGF-2 and MUC-2 Genes

Tissue samples (cecum) were cut into approximately 20 mg pieces and were immedi-
ately placed in RNA Later solution (Qiagen, West Sussex, UK). They were stored at −70 ◦C
before RNA purification, as described in Karaffová et al. [31]. A total of 12 cecum samples
from each experimental group of laying hens were collected after slaughtering and, the
samples were subjected to analysis.

2.5. Relative Expression of IgA, IGF-2 and MUC-2 Genes in Quantitative Real-Time PCR
(qRT-PCR)

The mRNA levels of selected genes were determined. In addition, the mRNA rel-
ative expression for reference gene coding GAPDH (glyceraldehyde-3-phosphate dehy-
drogenase) was selected based on expression stability using BestKeeper software (Pfaffl,
Germany). The primer sequences, optimal annealing temperature, and time for each
primer used for qRT-PCR are listed in Table 2. All primer sets allowed DNA amplification
efficiencies between 94% and 100%.

The amplification and detection of specific products were performed using the CFX
96 RT system (Bio-Rad, Hercules, CA, USA) and the Maxima SYBR Green qPCR Master
Mix (Thermo Scientific, Waltham, MA, USA). Subsequent qRT-PCR to detect the relative
expression of mRNA in the selected parameters was conducted over 38 cycles under the
following conditions: initial denaturation at 94 ◦C for 3 min, subsequent denaturation at
93 ◦C for 45 s, and annealing (Table 2) and extension for 10 min at 72 ◦C. A melting curve
from 50 ◦C to 95 ◦C with readings at every 0.5 ◦C was produced for each individual qRT-
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PCR plate. Analysis was performed after every run to ensure a single amplified product
for each reaction. All reactions for real-time PCR were done in duplicate, and the mean
values of the duplicates were used for subsequent analysis. We also confirmed that the
efficiency of the target gene amplification including GAPDH was essentially 100% in the
exponential phase of the reaction, where the quantification cycle (Cq) was calculated. The
Cq values of the studied genes were normalised to an average Cq value of the reference
genes (∆Cq), and the relative expression of each gene was calculated as 2−∆Cq.

Table 2. List of primers used in RT-PCR for IgA, MUC-2, and IGF-2 mRNA detection in layer hens.

Primer Sequence 5′–3′ Annealing/Temperature
Time References

IgA For GTCACCGTCACCTGGACTACA
55 ◦C/30 s [32]IgA Rev ACCGATGGTCTCCTTCACATC

Muc 2 For GCTGATTGTCACTCACGCCTT
54 ◦C/1 min [33]Muc 2 Rev ATCTGCCTGAATCACAGGTGC

IGF-2 For CTCTGCTGGAAACCTACTGT
55 ◦C/30 s [34]IGF-2 Rev GAGTACTTGGCATGAGATGG

GAPDH For CCTGCATCTGCCCATTT
59 ◦C/30 s [35]GAPDH Rev GGCACGCCATCACTATC

2.6. Phagocyte Activity Testing

The percentage of active phagocytes as well as the engulfing capacity of the phagocytes
was determined using a commercial Phagotest® assay (Glycotope Biotechnology, Heidel-
berg, Germany). The test was performed according to the manufacturer’s instructions and
were performed using fresh heparinized blood [36].

2.7. Identification of Lymphocyte Subpopulations

For the identification of selected lymphocyte subpopulations, mononuclear cells
were isolated from 600 µL of heparinized blood diluted 1:1 with phosphate buffer saline
(PBS; MP Biomedicals, Illkirch, France), which was carefully overlaid on the 2.5 mL of
separation solution LSM 1077 (PAA Laboratories GmbH, Pashing, Austria). Mononuclear
cells were obtained from the interphase between the separation solution and the plasma
after centrifugation at 600× g for 30 min. The obtained cells were washed twice with PBS
through centrifugation at 250× g for 5 min. The concentration of the mononuclears was
determined after staining with Türck’s solution in a Bürker chamber and was adjusted to
5 × 105 cells in 50 µL.

To identify selected subpopulations of lymphocytes, direct immunostaining using two
combinations of conjugated mouse anti-chicken monoclonal antibodies (Southern Biotech,
Birmingham, AL, USA): CD4/CD8a/CD45 and CD3/IgM was used according to the
specifications given in Table 3. The cells were incubated with antibodies for 20 min in the
dark at laboratory temperature. The cells were then washed twice with 1 mL PBS (250× g
for 5 min) and were resuspended in 100 µL of PBS for subsequent cytometric analysis.

Table 3. Specification and amounts of used mouse anti-chicken monoclonal antibodies.

Type Fluorochrome Clone Isotype Concentration Amount/5 × 105 cells

anti-CD3 FITC CT-3 IgG1 κ 0.5 mg·mL−1 2 µL
anti-CD4 FITC CT-4 IgG1, κ 0.5 mg·mL−1 2 µL

anti-CD8a R-PE CT-8 IgG1, κ 0.1 mg·mL−1 1 µL
anti-CD45 APC LT-40 IgM, κ 0.1 mg·mL−1 5 µL
anti-IgM R-PE M-1 IgG2b κ 0.1 mg·mL−1 1 µL

2.8. Flow Cytometric Analysis

Phagocytic activity analysis as well as the identification of lymphocyte subpopula-
tions was performed on a six colour BD FACSCantoTM flow cytometer (Becton Dickinson
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Biosciences, San Diego, CA, USA) using BD FACS DivaTM software. The position of the
analysed cells was gated in FSC vs. SSC dot plots. Granulocytes and monocytes were gated
for phagocytic activity analysis. Bacterial aggregates were excluded from further analysis
based on the low DNA content in the red fluorescence histogram (FL-2). The percentage
of active phagocytes and the mean fluorescence intensity were determined in the green
fluorescence histogram (FL-1).

Gated lymphocytes were used for the identification of lymphocyte subpopulations,
while contaminating chicken thrombocytes were differentiated from lymphocytes based
on their higher side scatter profiles [37]. CD3+ lymphocytes represent T lymphocytes, and
IgM+ cells are a subpopulation of B lymphocytes. CD4+CD8a- and CD4+CD8alow/mid

subpopulations were counted together as a representative of the T helper lymphocytes. The
CD4-CD8a+ subpopulation was evaluated as T cytotoxic cells. Proportions of lymphocytes
are expressed in percentage.

2.9. Intestinal Bacteria Analysis

In the contents of the small intestine and caecum were analysed to determine the
number of lactic acid bacteria and enterobacteria using the plate count method after
a 10-fold dilution in saline. MRS agar plates (HiMedia, Karnataka, India) that had been
anaerobically incubated (GasPak system, Becton Dickinson, San Diego, CA, USA) for 48 h
at 37 ◦C were used to determine the number of lactic acid bacteria. Enterobacteria were
counted on Endo agar plates (HiMedia, Karnataka, India) after a 24 h incubation period
at 37 ◦C under aerobic conditions. The bacterial counts are expressed in log10 of colony
forming units per gram of content (log10 cfu·g−1) ± standard deviation.

2.10. Statistical Analysis

The results obtained in this experiment were expressed as the means of the relevant
units and the standard deviation (SD). Data were evaluated using the unpaired Student’s
T-test with the statistical software GraphPad Prism 8.3 (GraphPad Software, San Diego,
CA, USA). A significance level of p < 0.05 was set prior to the data analysis.

3. Results
3.1. Production Parameters

Dietary supplementation with 0.5% HS additives had a significant effect on the fol-
lowing laying performance variables recorded in week 29: laying rate, daily egg mass, egg
weight, and FCR, compared to the control group (p < 0.05) (Table 4).

Table 4. The results of layer production indices in week 29 (means ± SD).

Variable C H p-Value

Laying rate, % 84.29 ± 7.87 b 95.91 ± 6.98 a 0.013
Daily egg mass, g/hen/day 47.50 ± 4.37 b 57.06 ± 4.05 a 0.001

Egg weight, g 56.36 ± 0.39 b 59.50 ± 0.67 a <0.001
Feed consumption, g/hen/day 115.86 ± 2.27 116.00 ± 1.53 0.892

Feed conversion ratio 2.46 ± 0.22 b 2.04 ± 0.14 a 0.001

C: control group; H: layers fed a diet enriched with supplementation of 0.5% HS. a,b Means not sharing the same
superscripts in the same row are significantly different.

3.2. Eggshell Mineral Analysis

When analyzing experimental eggshell samples, higher concentrations of minerals
were determined, compared to the results from the control group. A significant increase was
observed in the contents of copper (p < 0.001), phosphorus (p < 0.01), calcium, manganese,
and zinc (p < 0.05) (Table 5).
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Table 5. The results of eggshell mineral analysis (means ± SD).

Variable C H p-Value

Calcium, g·kg−1 57.66 ± 0.27 b 59.22 ± 1.09 a 0.014
Magnesium, g·kg−1 4.40 ± 0.25 4.67 ± 0.46 0.281
Phosphorus, g·kg−1 2.69 ± 0.35 b 4.77 ± 1.14 a 0.005

Sodium, g·kg−1 0.96 ± 0.04 0.91 ± 0.09 0.276
Potassium, g·kg−1 0.61 ± 0.06 0.55 ± 0.10 0.306
Copper, mg·kg−1 36.68 ± 4.22 b 46.69 ± 1.90 a 0.001

Zinc, mg·kg−1 21.14 ± 6.59 b 31.96 ± 8.09 a 0.049
Manganese, mg·kg−1 26.36 ± 2.09 b 30.09 ± 1.57 a 0.013

C: control group; H: layers fed a diet enriched with supplementation of 0.5% HS. a,b Means not sharing the same
superscripts in the same row are significantly different.

3.3. The Relative Expression of Selected Genes

The relative expression for the IgA gene was significantly upregulated in the humic
group compared to the control group (p < 0.05). Similarly, MUC-2 gene expression was
upregulated, but it was not significant in H group, compared to the control. On the
contrary, the relative expression for the IGF-2 gene was not influenced by the addition of
HS (Figure 1).
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Figure 1. Relative expression of IgA (a), IGF-2 (b), and MUC-2 (c) genes in cecum of laying hens treated with 0.5% HS.
Results at each time point are the median of 2−∆Cq. C: control group; H: layers fed a diet enriched with supplementation of
0.5% HS. Columns marked with stars are significantly different from control: * p < 0.05.

3.4. Cellular Immune Response

In testing the effect of HS on cellular immunity, the phagocyte activity, which repre-
sents the innate component of the immune response and the representation of the selected
lymphocyte population in the blood as a parameter of the acquired immune response,
was monitored.

The addition of HS to the feed of laying hens significantly increased the percentage of
active phagocytes as well as the engulfing capacity (Figure 2).

The results from the phenotyping of the blood lymphocytes showed that HS stimulate
the differentiation of the B lymphocytes when a significantly higher proportion of IgM+
lymphocytes was recorded (Figure 3a). This finding is also supported by the increased
expression of IgA genes in the gut. In contrast, the proportion of total T cells (CD3+) was
thus reduced (Figure 3b). There was no statistically significant effect of HS on the T cell
subpopulations; either CD4+ (Figure 3c) or CD4-CD8+ (Figure 3d) was observed.
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3.5. Intestinal Microbiota

The effect of HS on the intestinal microbiota was evaluated on the basis of the presence
of lactic acid bacteria and enterobacteria in the contents of the small intestine and the
cecum. The results showed that the application of HS did not affect the numbers of LAB in
any of the monitored sections of the intestine (Figure 4a) but did significantly increase the
numbers of enterobacteria, both in the small intestine and in the cecum (Figure 4b).
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4. Discussion

HS are a heterogeneous group of natural organic molecules that are part of soil and
water organic matter. These are substances with a whole range of positive health effects.
In our work, we focused on the effect of the administration of HS on cellular immune
response, the protection of intestine in poultry as well as on specific productive parameters.

Dietary supplementation with HS additives had a significant effect on the laying rate,
daily egg mass, egg weight, and feed conversion, which indicate the ability of HS to stabilize
the intestinal microbiota, thus ensuring improved nutrient utilization in feed [38,39]. These
findings are consistent with our results. Similarly, the beneficial effect of feeding humates in
a 0.25% concentration during broiler fattening was observed in Kocabagli et al. [40]. In this
study, the supplementation of humates at the time of fattening (day 22–42) significantly
improved feed conversion as well as increased the body weight of the broilers compared to
the control group and broilers supplemented with HS over the time period of 0–21 days.
However, some studies suggest conflicting results. For example, a study in 2006 by
Rath et al. [41] reported that HS in 0.5 and 1% concentrations have a negative effect on the
broiler growth performance.

The importance of minerals on eggshell quality is unquestionable. The eggshell
consists of 94.85% of minerals, of which calcium carbonate, magnesium carbonate, and
calcium phosphate have the highest proportions. Therefore, phosphorus and calcium are
the most important elements for the formation of the outer shell of an egg. In addition,
eggshell contains 4.15% organic matter and water in a proportion of less than 2% [42].
According to the achieved results, the increase in the mineral content in the eggshell was
favorably influenced by the supplementationHS in the diet of laying hens. Moreover, the
administration of 0.5% HS product (Humac Natur AFM) contains up to 42,278 mg·kg−1

of calcium and 5111 mg·kg−1 of magnesium [20]. The increase in the mineral content
may also be related to the relationships among the elements or the HS components. The
absorption of calcium, manganese, iron, and phosphorus decreases with higher levels of
HS in the diet [41]. Reasons for this could be the chelating effects of HS that are influenced
by their large number of carboxylic acid side chains [43]. Moreover, HS have the ability to
bind to elements from the environment and can also release these elements after changes
in external conditions. This property, in the case of action in the gastrointestinal tract,
affects the eggshell quality [44]. Interestingly, the results obtained by Ergin et al. [45]
suggested that addition of humic acids (30 mg·kg−1 diet) enhanced eggshell strength
without affecting feed efficiency and egg production. Likewise, Tancho [46] concluded that
eggshell thickness was increased in hens fed with humates at levels of 1 and 2 g·kg−1.

In order to achieve maximum production, good health is essential, which is condi-
tioned by the state of the immune system. Generally, the largest immune organ is the
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gut-associated lymphoid tissue (GALT), and the first line of defense is non-specific bar-
riers, including mucin and other components. The mucus layer also acts as a medium
for molecule transport between luminal content and enterocytes. We observed a non-
significant increase in relative mRNA expression for MUC-2 but a significant increase in
IgA gene expression, which is consistent with the finding that humic acids may aid in the
formation of a protective film on the mucus epithelium of the gastrointestinal tract, which
protects against infectious agents and toxins, thereby also improving animal feed utiliza-
tion [23]. In addition, the main function of IgA is to neutralize antigens on the mucosal
surfaces. On the other hand, our results showed that HS in a 0.5% concentration did not
affect IGF-2 gene expression. This fact is interesting from the point of view that IGF-2 plays
a very important role in the postnatal development of the organism and mediates most of
growth effects; thus, it has significant effects on the skeletal and muscular systems. In our
previous study, we observed the same effect of 0.8% HS on the relative expression of IGF-2
in broilers [20]. On the contrary, Weber et al. [47] reported an increase of serum IGF-1 in
pigs treated with Menefee humate (0.25% of humic acid). In tune with previous studies and
our knowledge, we suppose that the influence of HS on the expression of growth factors is
dependent on the concentration of the HS that is administered.

As in our previous study, where we administered 0.8% HS to broilers, even now,
after the application of 0.5% HS to laying hens, we observed a significant increase in both
the percentage of active phagocytes and their engulfing capacity [20]. Sanmiguel and
Rondón [48] suggested that this effect on phagocytes is time dependent. They administered
0.1% and 0.2% HS to laying hens and found that the phagocytic index was elevated after
8 and 30 days of application, but subsequently (on 60th day), phagocytic index significantly
decreased and was lower than in the control group. Although the mode of action of HS on
phagocytosis has not been fully explained, studies with human neutrophils have shown
that HS stimulate their adhesion abilities and superoxide production, and they are able
to mediate intracellular signal transduction leading to NF-κB induction, which is crucial
for the transcription of many proinflammatory genes (e.g., IL-2, IL-8, MCP-1, TNF-α, GM-
CSF) [49]. Similarly, Riede et al. [50] confirmed the stimulatory effect of HS on the oxidative
burst of human neutrophils but without activating chemotaxis. The authors hypothesize
that HS contain chemical structures that can be recognized by the neutrophils and can
activate them.

Because works on the effect of HS on individual lymphocyte subpopulations are
rare, we examined the proportions of IgM+ lymphocytes, T lymphocytes, and T helper
and T cytotoxic cells in our study. According to a study by Luthala [51], in chickens, the
CD8αα homodimer may be expressed on peripheral CD4+ cells, but expression of the
CD8αβ heterodimer only occurs on cytotoxic T cells. In this type of expression, chicken and
mammalian lymphocytes differ significantly. Functionally, a subpopulation of CD4+CD8+
T cells in chickens is reported as T helper and/or regulatory lymphocytes. These findings
were confirmed by both the expression of the CD25 molecule (IL-2 receptor—typical for
regulatory cells), which was detected on part of the cells from the CD4+CD8- as well as the
CD4+CD8+ subpopulations and by their cytokine profiles [52]. For these reasons, even in
our study, CD4+CD8+ lymphocytes with low and medium expression of the CD8 molecule
were included in the T helper cell subpopulation.

We found that the addition of 0.5% HS to the feed of laying hens increased the propor-
tion of IgM+ lymphocytes and thus decreased the proportion of T lymphocytes, while the
proportion of T helper and T cytotoxic cells was not affected. The increased percentage
of the IgM+ lymphocyte subpopulation is consistent with the finding of increased gene
expression for IgA in the gut. Zhang et al. [38] (2020) also noted significantly elevated
serum IgM as well as IgG levels after the administration of 0.1 and 0.5% HS to laying hens,
which confirms the activation of B cells. Similarly, Salah et al. [53] reported an increase in
the serum gamma globulin fraction containing most of immunoglobulins after 5 days of
humic acid application to broiler chickens. Interestingly, when we administered 0.8% HS
to broiler chickens from day 11 of life to the end of fattening (day 38) in the previous
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experiment, we observed a significantly higher percentage of T cells as well as T helper
cells (CD4+), but the gene expression for IgA was not affected [20]. Based on the above
results, we assume that the obtained cellular immune response depends not only on the
used concentration and the duration of HS application but also depends on the category of
poultry to which they are applied.

The exact mechanism of action by which HS affect specific subpopulations of immune
cells has not yet been elucidated, but their effect on cytokine production has been confirmed.
Vetvicka et al. [54] reported a significant increase in the production of IL-5 and IL-6 in mice
intraperitoneally treated with HS. These cytokines stimulate B lymphocyte differentiation
and growth and increase the secretion of immunoglobulins. The theory that explains
the immunomodulatory potential of HS is that humates are able to form complexes with
carbohydrates, amino acids, and peptides. Currently such complexes are considered to be
biologically active and can subsequently bind to the surface of T lymphocytes and NK cells,
thereby regulating their functions, including cytokine production. Subsequently, cytokines
influence further immune reactions [50,55].

Regarding the effect of HS on the intestinal microbiota, the results of different authors
vary considerably. While some have reported a decrease in enterobacteria [20,39], others
have observed an increase [56]. Similarly, different results were observed for other bacterial
species. In our case, there was an increase in the numbers of E. coli in the intestine and
in the cecum, but the number of lactic acid bacteria was not affected. Such a trend can be
considered as negative. These results are consistent with in vitro microbiological tests that
have shown that various species of Lactobacillus spp. and different strains of E. coli also
respond differently to HS (unpublished data). Similar results were obtained by Buzoleva
and Sidorenko [57], who found that the multiplication of enterobacteria in the presence of
HS depends on both the type of bacterium and the HS composition.

5. Conclusions

We can conclude that the addition of 0.5% HS to laying hen feed had a positive effect
on laying rate, daily egg mass, egg weight, feed conversion, and eggshell quality and also
had an immunostimulatory effect manifested by the increasing activity of the phagocytes
and the B cell immune response. On the other hand, there was an observed increase in the
number of enterobacteria in the intestinal contents, and the proportion of T lymphocytes in
the blood was significantly reduced. The presented results confirm that HS can be used
for the improvement of egg production and quality and for activation of phagocytosis and
specific antibody immunity, but their influence on the intestinal microbiota will need to be
further studied with respect to a wider range of microbial species inhabiting the digestive
tract of laying hens.
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