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Abstract

Background and Aim: Poultry production is the fastest growing livestock industry in the world, as the rapid growth of and
efficient absorption of feed by poultry ensure the production of poultry meat with a relatively low carbon footprint. Seeking new
ways to increase livestock productivity as well as poultry product quality, the number of research studies on the use of humic
substances of various origins in livestock farming has increased significantly, emphasizing the role of feed additives derived
from local resources. The unique capability of humic substances to improve metabolic processes allows the immune protection
of the bird body to be strengthened and production efficiency to be increased. This study aimed to identify the effects of sodium
humate (NaHum) on the growth performance of broiler chickens and selected blood and ileum microbiota parameters.

Materials and Methods: Dictary research was conducted 2 times under production conditions in a poultry facility of a
commercial company, with 210 1-day-old, unsorted broiler chickens of both sexes (Ross 308). The broiler chickens were fed
with standard commercial feed, the rearing period of 35 days, and slaughtered on day 36. Sodium humate additive was added to
drinking water for the research groups of broilers in period from 8™ to 35" day of life, 25 mL (Group 1, n=2 x 35) and 50 mL
(Group 2, n =2 x 35) per liter of drinking water. Sodium humate contained an average of 4.48% dry matter, a kilogram of dry
matter containing 104.3 g of crude protein, 3.6 g of crude fiber and 0.9 g of crude fat, 14.3 MJ of metabolic energy, and 5.8 MJ
of energy for live weight gain, as well as a very high content of crude ash —759.8 g, including 4.2 g Ca, 4.2 g Na, and 4.81 g
Fe, the dry matter digestibility of NaHum was 87.0%, and the absorption capacity of dry matter was 113.2%., the pH level was
13.0, i.e., alkaline. At the end of the dietary research, the productivity and economic efficiency of the research groups of broilers
were calculated by live weight gain, carcass weight, feed conversation ratio, and blood and intestinal samples of broilers were
analyzed to identify the effects of NaHum on the growth performance and health status of broilers.

Results: Dictary research found that adding 25 mL/L and 50 mL/L of NaHum to drinking water for the broiler chickens
increased their live weights at the selling age, average live weight gains by 3.06-3.93%, and carcass weights by 5.07—6.06%,
while feed conversion increased in terms of both live weight (1.5 and 1.51) and carcass weight (1.84 and 1.86) compared
with the control group. The best economic performance in terms of the economic efficiency index and the cost index
(CI) was found in Group 1, which was fed with the NaHum additive at an intake rate of 25 mL/L. The NaHum additive
modulated the ileal microbiota and metabolic processes in the broiler body. At the same time, a significant decrease in the
levels of total protein, alkaline phosphatase and phosphorus (P) in blood was found in the research groups.

Conclusion: Considering the positive effects of NaHum derived from freshwater sapropel on the productivity and economic
efficiency of broiler chickens, the NaHum feed additive should be further investigated on a larger scale to obtain results
that could reasonably be used in practice. This study concluded that a decrease in P levels in the blood was observed when
NaHum was added to the drinking water; therefore, it is important to continue the research to draw reasonable conclusions
on the effects of NaHum in liquid form on the health performance of farm animals.
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industrial-scale agricultural activities such as poultry
production could be a potential priority [S]. The rapid
growth and efficient absorption of feed by poultry
ensures the production of poultry meat with a relatively
low carbon footprint [6—8]. A significant decrease in
the demand for rice, an increasing share of palm oil in
the global fat and oil markets, and a continued shift to
poultry as the dominant form of meat consumption are
predicted by 2050 [9]. Globally, the poultry industry
has developed dynamically and experienced signifi-
cant achievements in recent decades [10], as poultry
meat has become the most consumed livestock prod-
uct in the world [11]. Global meat consumption per
individual is expected to increase significantly: Up to
9 kg in 2030 and up to 18 kg in 2050, of which 12.5 kg
or 69% will be poultry meat [12, 13]. The European
Union (EU) is one of the world’s largest producers of
poultry meat and a net exporter of poultry meat prod-
ucts, producing approximately 13.4 million tons of
poultry meat annually [14]. Conventional poultry pro-
duction systems, which use fast-growing crossbreeds
or broilers, face three critical constraints: (1) The
genetics of one-day-old chickens, or their potential
and quality; (2) the feeding process or feed quality;
and (3) chicken health and care [15]. Intensive poultry
farming makes the problem with poultry diets urgent.
Therefore, research studies on cheaper and accessi-
ble feed and biologically active principles that can
increase poultry productivity and reduce the cost of
production are important [16, 17].

Since 2000, there has been a growing inter-
est in the use of humus and its biologically active
principles in livestock farming. Several scientific
studies on feed absorption efficiency in poultry farm-
ing [2, 6, 8, 10, 17-22] have shown a positive effect
on the quality of meat and eggs and livestock health.
Some research studies have found that various feed
additives and biologically active principles included
in the poultry diet increased the productivity of poul-
try, increased feed absorption efficiency, and con-
sequently reduced production cost per kilogram of
meat produced [10, 23]. Many researchers have found
improvement in livestock growth and feed conver-
sion, as well as reduction in livestock mortality after
adding humic substances to feed [24-26]. Freshwater
sapropel, which is formed from the remains of aquatic
vegetation, contains living organisms, plankton, and
soil humus particles; as it is made up of a significant
amount of organic and mineral matter, it could be con-
sidered an important source of humic substances [27].
In some cases, sapropel contains up to 50%—60%
organic matter and up to 30%—-50% mineral mat-
ter [28]. Furthermore, economic growth requires
wider use of local resources; therefore, effective use
of materials available in nature is a worldwide prior-
ity [29]. One use of sapropel is to derive extracts from
it, mostly from the humic substances contained in it,
as their use in diets for farm animal’s increases weight
gain, improves blood hematological parameters, and

strengthens the immune system of the animals [30].
In addition, humic substance preparations make agri-
cultural production ecologically clean, which favor-
ably stands out against the background of increasing
environmental pollution caused by the production of
various chemical industry preparations [18, 31, 32].
Several researchers have identified the most important
properties of humates [33]: (1) Antioxidant properties
that have a strong ability to maintain a chemical bal-
ance in the body [34]; (2) antiviral activity that blocks
the entry of a virus into the cell and interferes with its
replication [35, 36]; and (3) detoxifying and hepatopro-
tective effects — humic acids bind and remove heavy
metals from the body. Long-term use of humic sub-
stances has a beneficial effect on liver function [35];
(4) antibacterial effects because humic substances
have an antibacterial effect on various pathogenic
microorganisms. Humic acids neutralize pathogenic
microflora in the intestinal tract and suppress patho-
genic microorganisms, stimulate the growth of natural
intestinal microflora, improve protein digestion and
absorption of calcium (Ca), trace elements, and nutri-
ents [36]; (5) enterosorption [37]. Humic acids form a
thin gel-like film on the mucous membrane of the gas-
trointestinal tract, which protects the body from infec-
tions and toxins. During the use of humic acids by the
body, only toxins and surplus minerals are removed
from the body, yet useful trace elements needed by
the body are not lost. Scientific and economic exper-
iments with broiler chickens found that the poultry
fed with extruded sapropel pellets achieved a higher
weight gain [38]. During dietary research with laying
hens in Latvia, the effect of sapropel as a feed additive
was examined over a period of 150 days, and it was
found that eggshell thickness increased [39].

Therefore, to further develop and increase the
efficiency of poultry farming, innovative solutions are
needed to achieve more efficient use of feed by using
biologically active principles of natural origin that are
derived from local resources and raw materials. The
results of this study will contribute to and supplement
the knowledge and findings available in research stud-
ies on the application of freshwater sapropel and the
products derived therefrom in practice.

The research put forward a hypothesis — the
inclusion of a feed additive of NaHum derived from
freshwater sapropel in diets for broiler chickens
increases the productivity of broiler chickens and
modulates the ileum microbiota and metabolic pro-
cesses in the broiler body. This study aimed to identify
the effects of sodium humate (NaHum) on the growth
performance of broiler chickens and selected blood
and ileum microbiota parameters.

Materials and Methods

Ethical approval

This study complied with the requirements of
the Law of the Republic of Latvia (2007) “On the
European Convention for the Protection of Animals
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Kept for Farming Purposes and the Protocol” [40].
The dietary research did not involve any activities
that would require an ethical statement. The dietary
research was conducted in cooperation with an agri-
cultural company, Valmiera Agro Ltd., under pro-
duction conditions at its registered broiler facility in
Latvia, Vidzeme region, where the NaHum additive
derived from sapropel was included in diets for broil-
ers. Observations and data collection were performed
as part of routine work at the facility. Blood, gut, and
muscle samples from the broilers were collected at
the end of the research when the broilers were slaugh-
tered for commercial purposes at a certified slaughter-
house. According to EU Directive 2010/63/EU Article
1, Paragraph 5, Point a), an approval from the ethics
commission is not required for non-experimental agri-
cultural practices [41].

Study period and location

The dietary research was conducted from May
to June in 2021 and from May to June 2022, in coop-
eration with an agricultural company Valmiera Agro
Ltd. (Vidzeme region, Latvia), under production con-
ditions at its registered broiler facility. The duration of
broiler rearing was 35 days, the broilers were slaugh-
tered and processed on the 36™ day according to the
standard production period on the farm.

Freshwater sapropel reserves and the extraction site

Freshwater sapropel is a gel-like substance con-
taining colloidal organic matter and is essentially
composed of zooplankton and phytoplankton, with
diatom skeletons (diatoms), green algae, cyanobacte-
ria, foraminifera, radiolaria, dinophyte algae, bacteria
and the remains of aquatic plants or organisms being
most often found. In addition to organic material,
sapropel may also contains mineral particles such as
sand, clay, Ca carbonate, and other compounds [42].
In the territory of Latvia, sapropel is found in most of
the lakes and in more than a third of bogs where the
layer of it can reach a thickness of up to 20 m. In 2021,
sapropel reserves were estimated at 732.4 million m?
(according to Latvian Environment, Geology and
Meteorology Centre data) [43], yet the total deposits
could exceed 2 billion m* [44]. Although in the first
half of the last century sapropel was mainly used for
soil fertilization as a soil conditioner or additional fer-
tilizer [45], today it is being examined by materials
science and is used in cosmetics, medicine, and many
other industries.

This research used organosilicate sapropel
extracted from Lake Bizas located in Latvia, Kraslava
municipality, Andrupene parish. Lacustrine sediments
overlie glacial and glaciolacustrine sediments. As
the climatic conditions changed in the Holocene, the
amount of organic matter in the lake increased. The
surface area of the lake is 142.29 ha, and the sapropel
layer is 0.4-2.7 m thick; the lake could be classified as
a through-flow lake. According to the main type, the
lake could be classified as eutrophic (rich in nutrients).

The sapropel deposits of Lake Bizas are estimated
at 6.5 million m?, of which 4567.8 thousand m’ or
1 190.72 thou.t (at moisture content W = 60%) repre-
sent the reserves to be extracted [46].
Production and composition of freshwater sapropel
and a NaHum additive

NaHum was extracted from freshwater organo-
silicate sapropel, where the amount of organic mat-
ter in an absolutely dry sample was 49%. The abs.
moisture content of sapropel at the time of extraction
reached 95%. Sodium humate was produced accord-
ing to a methodology [47] developed by the Humus
Substances Association. A solution of 100 g abs. dry
sapropel in 2L of 0.5M NaOH solution was heated to
85°C on a hotplate stirrer and continuously stirred at
a speed of 850 rpm (revolutions per minute) 4 h. The
solution containing humates was separated from the
water-insoluble part after centrifugation at 2713 x g
for 15 min. The samples were stored in closed contain-
ers at 4°C, in the dark, until being fed to broilers. The
chemical composition of NaHum included in diets for
broilers is presented in Table-1. The NaHum obtained
was alkaline at pH 13, contained macro and micro ele-
ments Ca, potassium (K), phosphorus (P), and sodium
(Na), magnesium (Mg), Iron (Fe), etc., and the iron
content was high at 4.81%. The crude protein content
was high at 104.3% and dry matter digestibility was
82.3%.

Experimental design, birds, and diets

For the dietary research, 2 x 105 1-day-old,
unsorted broiler chicks of both sexes (Ross 308), with
an average live weight of 42.55 = 3.33 g, were pur-
chased from the JSC Putnu fabrika Kekava, which is
the leading full-cycle poultry meat production com-
pany in Latvia. Broiler chicks were randomly divided
into three groups: Control (Group C, n =2 x 35, aver-
age live weight 41.7 £ 3.46 g) and two research groups
(Group 1, n =2 x 35, 43.5 + 3.09 g and Group 2,
n =2 x 35, 42,7 £ 3.24 g). The chickens were kept
on coniferous wood-chip bedding; the poultry den-
sity, according to the provisions of Council Directive
2007/43/EC of June 28, 2007 [48], did not exceed the
maximum live weight density of 33 kg/m? or 12 chick-
ens per 1 m% The chickens were reared according to
the technological instructions developed for Ross 308,
which required controlling the lighting, temperature,
animal hygiene, feeding, and watering regimes [49].
Access to water and feed was ad libitum. At the begin-
ning of the dietary research, the broiler chickens of
all the groups were fed only basic feed and watered
with clean water for the first 7 days. From the 8% to
the 14" day of life, NaHum was added to drinking
water for the broiler chickens of the research groups
(Group 1 and Group 2) at an increasing rate, thereby
accustoming the chickens to NaHum. From day 15
onward, NaHum was added to drinking water at a con-
stant rate: 25 mL/L of water for Group 1 and 50 mL/L
of water for Group 2.
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Table-1: Chemical composition of complete feed and NaHum fed to broiler chickens.

Composition of feed Starter feed Grover feed Finisher Feed NaHum
1st-10t* day 11t-28t" day 29t-35t" day

Dry matter, % 91.05 89.33 88.32 4.48

In dry matter
Crude protein, % 24.90 23.03 21.18 10.43
Crude fiber, % 2.89 3.75 3.93 0.36
NDF, % 8.90 11.75 11.61 -
ADF, % 4.20 6.06 5.84 -
NEL, MJ/kg 8.28 8.13 8.14 -
NEM, MJ/kg 9.20 9.03 9.05 -
NEG, MJ/kg 6.18 6.01 6.03 0.58
TDN/DDM, % 85.63 84.18 84.35 82.3
DMI, % 13.48 10.21 10.34 113.2
RFV 894.99 666.44 675.85 -
ME for poultry, MJ/kg 15.46 15.59 15.92 1.43
OMD, % 94.88 90.44 92.07 87.0
Fat, % 4.58 7.19 8.39 0.09
Crude ash, % 6.84 6.11 5.49 75.98
Ca, % 1.05 0.89 0.73 0.42
P, % 0.77 0.75 0.64 0.08
K, % 1.11 0.99 0.91 0.26
Mg, % 0.26 0.26 0.23 0.17
Cu, mg/kg 22.08 28.63 24.05 0.01
Na, g/kg of dry matter - - - 4.2
Zn, g/kg of dry matter - - - 0.09
Mn, g/kg of dry matter - - - *0.06
Fe, g/kg of dry matter - - - 4.81
Starch, % 45.45 44.52 43.94 -
pH - - - 13.0

NDF=Neutral detergent fiber, ADF=Acid detergent fiber, NEL=Net energy of lactation, NEM=Net energy for maintenance,
NEG=Net energy for gain, DDM=Digestible dry matter, DMI=Dry matter intake, RFV=Relative feed value, OMD=0rganic
matter digestibility, Ca=Calcium, P=Phosphorus, K=Potassium, Mg=Magnesium, Cu=Copper, Na=Sodium, Zn=Zinc,
Mn=Manganese, Fe=Iron, TDN=Total digestible nutrients, ME=Metabolizable energy, MJ=Megajoule, NaHum=Sodium humate

Composition of NaHum and feed

All the broilers were fed the same commer-
cially prepared complete feed mixture, based on the
periods of chick development (starter period from
1 to 10 days: grower period from 11 to 28 days and a
finisher period from 29 days to the end of fattening).
The complete feed mixture fed to the broilers in all
the periods represented a premix consisting of corn,
soybean meal, wheat, triticale, vegetable oil, rapeseed
cake, Ca carbonate, monocalcium phosphate, amino
acid (DL-methionine, L-lysine), Na chloride, sodium
sulfate, sodium bicarbonate, and wheat flour.

All feed and water samples were examined at
the Research Laboratory of Biotechnology of Latvian
University of Life Sciences and Technologies (LBTU)
(accreditation No. LATAK-T-168) to identify the
amount of dry matter and the parameters of chemi-
cal composition of the nutrients included in the feed
in terms of percentage and volume. The chemical
parameters were identified according to generally
accepted standards or calculation methods. Sodium
humate tests were performed before each replication.
The samples were tested for dry matter (oven-dry-
ing, according to LVS EN ISO 6498); crude protein
(Kjeldahl method, LVS EN ISO 5983-2); crude fiber
content (cellulase method, ISO 5498); crude fat con-
tent (Soxhlet extraction, ISO 6492); crude ash content
(ISO 5984); starch content (polarimetric method, LVS

EN ISO 10520); and elements (Ca, K, Mg, Na, Zinc,
Copper, Manganese, Fe) using the atomic absorption
spectrometry method (LVS EN ISO 6869) and P (pho-
tometric method, ISO 6491). All chemical test results
were reported on a dry matter basis.
Assessment of productivity and economic efficiency
of broiler chickens

Feed intake (FI), calculated as a difference
between the amounts of feed fed and not eaten by the
broilers (recorded every day), and water intake (Watl)
(recorded every day) were identified to assess the
effects of the NaHum additive on the productivity and
economic efficiency of broilers.

To compare the digestibility and palatability of
different feedstuffs, relative feed value (RFV) was
calculated according to the following equation:

DDM% x DMI%
1.29

RFV =

(M

where DDM% - digestible dry matter (%);
DMI% - dry matter intake (%). The broilers were
weighed once a week during the research period to
identify changes in broiler live weight (BW). The
growth of broilers, the weights of the carcass, and
parts of the carcass were identified using CAS com-
pany scales (Model SW-1, accuracy + 0.1 g, Retail
weighing solution™, East Rutherford, NJ, USA).

Veterinary World, EISSN: 2231-0916

2032



Available at www.veterinaryworld.org/Vol.16/October-2023/3.pdf

Average daily weight gain (DWG) (g) as well as a
broiler survival rate (%) were calculated once a week
throughout the fattening period and at the end of the
study. Feed conversion rate (FCR) is an important
indicator that allows production costs to be tracked
for increasing broiler productivity, and this was cal-
culated per BW for each of the research groups at the
end of the research (i):

FI,

FCRgy; = BW. ()

At the end of the research, after processing the
broilers in the slaughterhouse (stunning, bleeding,
scalding, plucking, and evisceration), carcass yield
(CY) was identified for all the broilers. To identify
differences in weights of parts of the carcass and tis-
sue, 10 broilers (males) from each group with a sim-
ilar live weight (£5%) were divided into carcass and
tissue parts. Carcass yield (%) was calculated as a
ratio of eviscerated carcass weight to live body weight
at slaughter:

CY,% = €Y
BW

x 100 3)

The ratio of individual parts of the carcass (chest
muscles, wings, muscle tissue, bone tissue, and skin)
to CY was also determined. To identify the real vol-
ume of broiler products, a FCR per CY was calculated
as follows:

FL,
FCRevi = oy 4)

1

The European production efficiency factor sug-
gested by Aviagen [49] was used to calculate broiler
productivity indicators using the following equation:

BW x Viability(%)
FCR xT

EPEF =

0 )

where T is the research period in days. The sec-
ond important indicator is the European broiler index
(EBI), which was calculated according to the follow-
ing equation [50]:

_ Viability(%) x DWG
FCR x 10

EBI 100 (6)

To identify economic efficiency, an approach
suggested by Martins et al. [51] was additionally
applied to calculate the ratios of feed cost (FC) to
live weight and carcass weight using the following
equations:

Q. x FC
FCphy; = (7
o GBWi
Q;, x FC
FCpy; = 92 (8)
GCYi

where Q, is the amount of feed consumed by the
research group and G, is the BW or CY in each of the
research groups.

Broiler diet costs and feed consumption were
identified separately during the feeding phase and
were calculated at the end of the study. The average
market prices of poultry feed purchased by the farm in
Latvia in 2021 and 2022 were considered for an anal-
ysis of FCs. An economic efficiency index (EEI) and
a cost index (CI) were calculated according to Martins
etal. [51]:

EE[ = LC, x100 ©)
T, x1

cr = Elu ¥ 100 (10)
LC,

where LC_ is the lowest FC per kg of live or car-
cass weight for the research group and CT, is the FC
for the respective group.

Blood sample collection and testing

At the end of the dietary research (day 36), the
broilers were not fed for 12 h before slaughter. Blood
was collected from 6 randomly selected broilers
from each group per treatment. The blood samples
were taken from a wing vein in sterile tubes, stored
in a +4°C environment and delivered to the labora-
tory within 4 h. At the laboratory of LBTU, serum
was derived from blood samples by centrifuging it
at 3023 x g for 20 min in a “Sigma, 3-16L” centri-
fuge (Osterode, Germany). The serum was stored in
1.5 mL Eppendorf tubes at —20°C until further inves-
tigation. The following characteristics were identified
for the serum by employing the absorption photom-
etry method: Glucose (GLU), total cholesterol (TC),
total protein (TP), albumin (ALB), alkaline phos-
phatase (ALP), P, Ca, gamma-glutamyltransferase
(GGT), and triglycerides using a clinical chemistry
analyzer (Mindray BS-380, Shenzhen Mindray Bio-
Medical Electronics Co. Ltd., Shenzhen, P. R. China).
For hematological parameters, blood smears were
prepared immediately after blood withdrawal. The
labeled blood smears were air-dried, fixed with meth-
anol, and stained with Giemsa in the laboratory. By
counting 100 leukocyte cells in the blood smear, the
leukocytes, monocytes, and lymphocytes were calcu-
lated in percentage terms.
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Fecal sample collection and testing

A part of the ileum (from the pancreo-biliary part
to Meckel’s diverticulum) obtained from each intes-
tinal tract of a broiler was tested, tied at both ends,
placed in sterile bags, stored in a +4°C environment,
and delivered to the laboratory within 4 h. Tests on
fecal microbiota were performed within 2 h of the
samples being delivered to the laboratory. The fecal
contents were used to identify the counts of coliforms,
Lactobacillus spp. and Clostridium spp. Initial and
serial dilutions of the samples were made in peptone
saline (Maximum Recovery Diluent, Biolife, Milan,
Italy) according to ISO 6887-1:1999. For the isolation
and enumeration of the Enterobacteriaceae bacteria,
Violet Red Bile GLU agar, Biolife was used and tested
according to ISO 21528-2:2007. The isolation and enu-
meration of Lactobacillus spp. were performed using
De Man—Rogosa—Sharpe agar with Tween 80 (Biolife,
Milan, Italy) in accordance with the medium manu-
facturer’s instructions. The incubation was realized at
36°C £ 1°C, for 72 h + 2 h. The research confirmed
the most typical colonies by performing Gram stain-
ing and catalase test. Tryptose sulfite cycloserine agar,
Oxoid (Hampshire, United Kingdom) was used for
the isolation of Clostridium perfringens bacteria. The
fecal dilution plates prepared were incubated under
anaerobic conditions at 36°C + 1°C, for24h+ 1 hina
BD Gas-Pak EZ container system with BD BBL CO,
generators and indicators (Franklin Lakes, NJ, USA).
The results obtained were calculated and expressed as
log10 colony-forming units per gram of fecal contents.

Statistical analysis

The results were statistically analyzed with
RStudio software ver. 4.1.2. (https://www.npackd.
org/p/r/4.1.2), one-way analysis of variance being
applied. The significance of differences between the
mean values was evaluated using the Tukey HSD test,
with a significance level of 95%. Data are presented as
means + standard deviation.

Results
Changes in the productivity and economic efficiency
of broiler chickens

Relative feed value was calculated for the feed
of each broiler growth period (starter, grower, and
finisher). The highest RFV value was found in starter
feed — 894.99. It gradually decreased in the later
stages of the fattening period to 666.44 and 675.85,
respectively. During the research period, the broiler
chickens of the control group consumed the most feed
— 260.23 kg. The broiler chickens of Group 1 con-
sumed the least amount of feed — 252.64 kg, while
the broiler chickens of Groups 1 and 2 consumed an
average of 0.105 kg of feed per day. The broiler chick-
ens of Group 2 consumed the most water during the
research — 546.83 L, and if measured as per broiler per
day, the broiler chickens of this group consumed the
most, or 0.227 L. During the entire dietary research,
7.218 L of NaHum was added to drinking water.

According to the methodology, 25 mL/L and 50 mL/L
NaHum was added to drinking water daily; during the
research period Group 1 broiler chickens consumed a
total of 2.400 L NaHum, and Group 2 broiler chickens
twice as much — 4.818 L NaHum (Table-2).

The numerically highest average live weight
(Table-3) at the beginning of the research was
found in Group 1 (201.47 + 24.58 g); at the end of
the research, the broiler chickens of Group 2 had
the numerically highest average live weight (BW)
(2499.43 + 260.80 g). However, differences in live
weight between the groups were not significant.

An analysis of FCR, (equation 2) revealed that
the lowest feed consumption per kg of live weight was
found in research Group 1 (1.48). The results were
similar in research Group 2 (1.51), the FCR, being
higher in the control group (1.61); however, no sig-
nificant differences were found. The highest viability
of broiler chickens (97.1%) was observed in Group 1.
Although the development indicators were higher for
the broiler chickens of Group 1, a numerically higher
(p > 0.05) average DWG was observed in Group 2 at
702 +7.41¢g.

However, an analysis of broiler chicken car-
cass weight and yield (Table-3) revealed signifi-
cant differences between the control and research
groups (p < 0.05). The highest carcass weight
(2036.3 + 234.77 g), the highest CY (79.24 + 4.47%)
was found in Group 2, which was watered with
50 mL/L NaHum. Accordingly, the differences in
FCR_, or feed consumption per kg of carcass weight
between the groups were much more significant.
An analysis of FCR ., (equation 3) revealed the best
performance in Group 1, with 1.84 kg of feed con-
sumed to produce a kg of carcass weight. Similar per-
formance was also found in Group 2, as 1.86 kg of
feed was needed to produce a kg of carcass weight.
In contrast, FCR, was 2.02 kg in the control group,
which was 0.16-0.18 kg more than that in the research
groups. The calculated indicators proved that adding
NaHum to drinking water for broiler chickens reduced
feed consumption per unit of production, increasing
live weight and CY.

An analysis of the weights of parts of the carcass
and internal organs (Table-4) revealed no significant
differences between the groups; however, a positive
trend was observed in the research groups compared
with the control group. The highest proportion of
breast musculature was found in the broiler chickens
of Group 2 (30.37 £ 1.78%); similarly, the proportion
of bone tissue was the lowest (21.17 + 1.12%) in the
broiler chickens of this group, which indicated the
higher productivity of broiler chickens whose drink-
ing water was supplemented with NaHum.

The highest proportion of liver (2.57 + 0.24%)
and heart (0.75 £ 0.07%) in the total weight was found
in the control group. This might indicate a more inten-
sive metabolism during feed processing. In contrast,
the proportion of heart and liver was slightly lower
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Table-2: Feed, water, and NaHum consumed by the groups per broiler per day.

Broiler group Control group (n = 70) Group 1 (n = 70) Group 2 (n = 70)

Total feed consumed, kg 260.21 252.68 253.30
Feed consumed per broiler per day, kg 0.106 0.105 0.105
Total water consumed, L 473.08 491.06 546.83
Water consumed per broiler per day, L 0.195 0.209 0.227
Total NaHum consumed, L - 2.400 4.818
NaHum consumed per broiler per day, L - 0.034 0.069

Table-3: Productivity indicators of broiler chickens.

Indicator Control group (n = 70) Group 1 (n = 70) Group 2(n = 70)
Live weight at the beginning of the 198.24 + 28.5 201.47 £+ 24.58 200.12 + 27.81
dietary research, day 8, g

p-value - 0.61 0.83

Live weight at the end of the dietary 2411.5 + 296.66 2478.4 + 301.35 2499.4 £+ 260.80
research, day 35, g

p-value - 0.20 0.07

Live weight gain per day, g 67.7 £ 8.43 69.6 £ 8.54 70.2 £ 7.41
p-value - 0.21 0.07

Feed conversion to live weight 1.61 1.48 1.51
Survival rate, % 94.44 97.14 95.71
Carcass weight of a slaughtered broiler, g 1921.5 £ 265.592 2016.7 £ 246.81° 2036.3 £ 234.77°
p-value - 0.03 0.01

Feed conversion to carcass weight 2.02 1.84 1.86
Carcass yield, % 77.46 £ 3.57° 79.22 + 3.60° 79.24 + 4.47°
p-value - 0.005 0.012

abDifferent letters for the same indicator indicate significant differences between the groups, (p < 0.05), data are
presented as means = SD. SD=Standard deviation

Table-4: Distribution of carcass parts and internal organs of broiler chickens, %.

Carcass parts and internal organs Control group (n = 12) Group 1 (n = 12) Group 2 (n = 12)

Chest musculature (tenderloin) 29.37 £ 3.34 29.61 £ 2.33 30.37 £ 1.78
Other musculature* 36.48 = 3.53 37.52 £ 3.38 36.92 £ 1.79
Bones 21.83 £1.81 21.65 £ 1.89 21.17 £ 1.12
Skin 12 £1.03 11.22 £ 1.23 11.55 £ 0.75
Liver 2.57 £ 0.24 2.46 £ 0.24 2.51 £ 0.27
Heart 0.75 £ 0.07 0.71 £ 0.07 0.74 £ 0.04

*Legs and wings musculature

in Groups 1 and 2; however, no signiﬁcant differ- Table-5: Indicators of economic efficiency for the broiler

ences were found, and it could be assumed that the = 9°UPS:
NaHum additive did not cause problems in metabolic Indicator Control Group1l Group 2
processes. group (n=70) (n=70)
The best economic performance in terms of (n=70)
the EEI (EEI,,, EEI.,) and the CI (Cl,,, CI.,) and  EPEF 407.64  458.80  451.86
. . . . EBI 400.57 450.75 444.14
in terms of both live weight and carcass weight was -~ per research broiler  2.15 .92 537
found in research Group 1, which was watered with ¢, 0.90 0.89 0.95
0.25 mL/L NaHum (Table-5). FCey 1.18 1.10 1.17
) ] EEI,y, 99.81 100.00 94.14
Hematology, blood serum chemistry, and ileum EEI., 93.38 100.00 94.26
microbiota composition Clgy 100.19  100.00  106.22
The hematological parameters of broiler blood  cI, 107.08  100.00  106.09

are presented in Table-6 [52, 53]. At the end of the
dietary research, the blood inflammatory cell count
results were mainly within the reference limit.
A higher count of heterophils (%) was found in the
control group, while a higher count of eosinophils (%)
—in Group 2.

The NaHum additive contributed to a significant

EPEF=European production efficiency factor,
EBI=European broiler index, CI_,=Cost index of carcass
yield, CI,,=Cost index of live weight, EEI_,=Economic
efficiency index of carcass yield, EEI,,=Economic
efficiency index of live weight, FC_,=Ratio of feed cost to
broiler carcass weight, FC,,,=Ratio of feed cost to broiler
live weight, FC=Feed cost

(p <0.05) decrease in the levels of TP, ALP, and P and
a numerical decrease in total TC and GGT levels in

blood, compared with the control group. The highest
intake rate of NaHum (50 mL/L) caused an increase in
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the amounts of ALB and Ca (Table-6), which was not
statistically significant.

During the research, diarrhea was not clinically
observed in the broilers. At the end of the research,
the ileal microbiota count (Table-7) showed a slight
increase in the Enterobacteriaceae count in research
group broilers, and the count of Lactobacilli was not
affected significantly by treatments (8.67 log col-
ony-forming unit [CFU]/g and 8.59 log CFU/g in
Group 1 and 2 broilers, respectively), compared with
the control group (8.71 log CFU/g).

Discussion

Proper provision of feed and water to poultry
is important for their growth, health, and productiv-
ity [54-56]. The most common problem with industri-
ally produced feed for poultry is nutrient deficiencies
and not adding biologically active principles, or add-
ing them in wrong proportions. Without a balanced
diet, poultry have poor plumage, slow development
and growth, obesity, and leg problems [57, 58].
Therefore, it is important to seek innovative solutions
to find opportunities to use conventional poultry feed
more efficiently; besides, it is also important that the
feed is made of local raw materials that stimulate eco-
nomic development in rural areas, thereby providing
jobs and incomes for their residents.

One of the most important sources of biologically
active principles is freshwater sapropel. Sapropel,
depending on the depth, has different agrochemical

and physical properties [59]. Therefore, several
research studies have tested the possibilities of sup-
plementing complex poultry feed with organic sapro-
pel to increase feed absorption efficiency and develop
natural, safe and locally-sourced feed for young poul-
try [28, 29, 38, 60, 61].

Diets for broiler chickens should aim to achieve
a leaner carcass, reducing the feed conversion ratio,
and increasing weight gain. Some feed nutrients
should also be limited to prevent problems associ-
ated with high growth rates at the early life stage of
broiler chicks, for example, increased fat deposition,
frequent metabolic disorders, increased mortality, and
frequent skeletal diseases [62]. In producing Ross 308
broilers, the goal is to reduce the feed conversion ratio
from 1.62 to 1.53 for a broiler weighing an average
of 2.5 kg. This study showed that the FCR for the
research groups was comparable with the desired rate
for Ross 308.

In intensive meat poultry farming, farms need
to achieve maximum output in the shortest possible
period and with the least possible feed consumption.
In such farms, broilers are sold for meat at the age
of 5-6 weeks, and this is mainly associated with the
live weight, breast musculature size, low feed con-
sumption per kg of carcass weight, and fast feath-
ering [63]. In 2013, the worldwide average feed
consumption per kg of carcass weight was approxi-
mately 2.8 kg [64]. A decrease in live weight gain per
day after day 35 could be explained by a decrease in

Table-6: Hematological and biochemical parameters for broilers fed with the NaHum additive at the end of the research.

Parameters

Control group (n = 12) Group 1 (n = 12) Group 2 (n = 12) Reference p-value p-value

Control/ Control/
Group 1 Group 2

Hematological parameters Jain [52] X X
Heterophils (%) 47.67 £ 4.49 38.33 £ 2.17 41.67 £ 3.34 15-40 0.172 0.458
Eosinophils (%) 4.00 + 0.89 6.17 £1.14 7.17 £0.70 1.5-6 0.257 0.071
Monocytes (%) 2.50 £ 0.62 3.50 £ 0.62 3.17 £ 0.79 3.5-10.0 0.566 0.772
Lymphocytes (%) 45.83 + 4.53 52.17 £ 3.03 48.00 + 4.04 45.0-70.0 0.504 0.919

Biochemical parameters Nunes et al. [53] X
GLU (mmol/L) 11.37 £ 0.46 12.15 + 0.54 11.63 + 0.38 10.0-18.0 0.474 0.913
TC (mmol/L) 3.68 £ 0.13 3.52 £ 0.26 3.67 £ 0.12 2.22-5.17 0.821 0.999
TP (g/L) 30.84 + 1.10° 25.49 £ 1.41b 27.92 £1.29°  25.64-47.92 0.0247 0.2687
ALB (g/L) 11.28 = 1.58 13.55 £ 0.59 13.74 £ 0.55 11.26-21.40 0.291 0.239
ALP (U/L) 3686.09 + 88.92° 3143.20 £ 122.0° 2766.13 £ 236.09* 711-7432 0.076 0.003
TRIG (mmol/L) 0.08 £ 0.02 0.15 £ 0.03 0.12 £ 0.02 0.18-1.17 0.175 0.524
P (mmol/L) 3.07 £ 0.11° 0.54 £ 0.03° 0.49 + 0.06° 1.27-3.97 0.0 0.0
Ca (mmol/L) 3.00 + 0.11 2.98 £ 0.12 3.25 + 0.07 0.085-2.75 0.987 0.222
GGT (U/L) 23.07 £ 1.68 19.31 + 1.54 23.38 £ 5.17 1.45-97.51  0.701 0.997

*Data are presented as means * SD, ®®different letters for the same indicator indicate significant differences between
the groups, (p < 0.05). SD=Standard deviation, GLU=Glucose, TC=Total cholesterol, TP=Total protein, ALB=Albumin,
ALP=Alkaline phosphatase, TRIG=Triglyceride, P=Phosphorus, Ca=Calcium, GGT=Gamma-glutamyltransferase

Table-7: Effects of the NaHum feed additive on the ileum microbiota composition of broilers at day 42

(colony-forming unit/g).

Parameters Control group (n = 12)

Group 1 (n =12)

Group 2 (n = 12) p-value

1.1 x 107 £ 7.58 x 10°
5.2 x 10% £ 1.41 x 108
7.0 x 102 £ 0.82

Enterobacteriaceae
Lactobacillus spp.
Clostridium spp.

1.2 x 107 + 8.16 x 10¢
4.7 x 108 £ 3.03x108
4.3 x 102 £ 2.26x10?

1.0 x 108 £ 1.17 x 107 NA
3.9 x 108 £ 2,55 x 108 NA
2.5 x 102 £ 2.30 x 10? NA

*Data are presented as means = SD. SD=Standard deviation, NA=Not applicable NaHum=Sodium humate
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the growth of broiler muscles and more intense devel-
opment of broiler genitals and bone tissue. Therefore,
further fattening of broilers (after day 35) is no longer
efficient and economically feasible. This study estab-
lished that the selling age of broilers (day 36) was
fully consistent with that identified by the aforemen-
tioned research studies.

Various research studies have found that humic
substances have a beneficial effect on the gut micro-
flora of broilers and increase nutrient digestibility,
resulting in higher productivity [65, 66]. For example,
a research study on the inclusion of humus substances
in diets for Ross 308 broiler chickens conducted by
El Kaya and Tuncer [67] established a higher weight
gain and a lower feed conversion ratio in the research
group of broiler chickens (1.68), which was 0.18
higher than that found in this study [67]. A research
study conducted in Russia on Ross 308 broiler chick-
ens whose diets were supplemented with humic acid
1 g, 1.5¢g,and 2 g found that on day 38, the CY was
in the range of 70.5%-73.0% [68]. Kocabagli et al.
[25] established that adding Farmagulator DRY
Humate to broiler feed led to a higher carcass weight
and yield (73.47%—74.18%) in the groups fed with the
humic additive. This study found that the CY in the
research groups was in the range of 79.22-79.24%,
which exceeded the CY found in the control group
by 2 percentage points. It is also stated that sapropel
as a source of humic substances in dry form (3% of
the total feed) can increase the average live weight of
broilers [28]. Including a sapropel additive in poul-
try diets increased the gross weight gain of broiler
chickens by 1.7%-2.0%, while reducing FC per kg of
weight gain by 0.5% [69], which is consistent with the
results of this study.

It is important to note that humic substances
could also be added to drinking water for poultry,
thereby achieving similar positive results. For exam-
ple, research on laying hens have found that adding
humic acids to drinking water increased feed con-
version and laying intensity [69]. However, Ozturk
et al. [70] found that because of an increased rate of
intake of the humate additive (1.5% of the total amount
of drinking water), the live and carcass weights of
broilers decreased and the amount of their intramus-
cular adipose tissue increased. As a result, a direct
negative effect was observed on feed intake capacity
and nutritional energy balance, which decreased the
yield of important parts of the carcass (breast mus-
cles and thighs) being in demand. However, Ozturk
et al. [70] found an increase in live weight and more
efficient feed absorption in the research group fed
with less humic substances (0.5%—1.0% of the total
amount of drinking water). Hassan [71] also found
that the total live weight and the average weight gain
of broiler chickens (Ross 308) were lower in the group
fed a humate additive at an intake rate of 10 g/kg of
feed than in the group fed with no humates or with a
humate additive at a lower intake rate (5 g/kg of feed).

The research study by Hassan [71] found that a humate
additive (5 g and 10 g/kg of feed) made a significant
negative effect on feed conversion in broilers and the
broiler performance index, which is calculated as the
ratio of live weight to the FCR, expressed in percent
relative to the control group.

The most widely used part of the broiler carcass
worldwide is the breast muscle, and the demand for it
continues to grow due to the high protein and low-fat
content. Thigh meat is also in demand, especially if it is
deboned and used to prepare various food products. In
broiler production, the emphasis is placed on the qual-
ity and quantity of the main parts of the carcass (breast
fillet, thighs, and legs without bones). Research study
conducted in Poland on the inclusion of halloysites
in diets for Ross 308 broiler chickens revealed that
the proportion of breast musculature was, on aver-
age, 31%, while leg musculature was 20% [72]. Some
research studies have found that humate additives also
increased the weight of broiler carcass parts important
for the consumer market. Jadd’uttova et al. [73] found
that adding 8 g and 10 g of humic substances per kg of
feed mixture to diets for COBB 500 broiler chickens
resulted in significantly higher breast muscle (tender-
loin) and thigh weight. A research study conducted
in Slovakia on Ross 308 broiler chickens fed with a
humate additive revealed that the proportions of heart
and liver at the age of 42 days was on average 0.64%
and 2.01%, respectively [74], whereas this study
found that the proportions in research Groups 1 and
2 were slightly higher but relatively lower than those
in the control group. This proves that adding humus
additives to the diet improves liver and kidney func-
tion. Usually, the absolute count of microbiota in the
small intestine is relatively low, on average 10° CFU/g
of digesta, and 50% of the total ileal microbiota con-
sists of up to 5 genera; the main colonizing bacte-
ria in the small intestine are usually Lactobacillus,
Enterococcus, Turicibacter, and Clostridium [75].
This study did not find any significant difference in
the numbers of ileum microbiota representatives in
broilers; however, a 50 mL NaHum additive contrib-
uted to a slight increase in the Enterobacteriaceae
count and a decrease in the Lactobacillus count com-
pared with the control group. This could be explained
by possible changes in the pH level in the intestine
caused by the NaHum additive, and the subsequent
changes in the representatives of the microbiota, since
the ileal microbiota can sometimes be mixed with the
microbiota of cecal origin [76].

This study found a significant decrease in the
count of heterophils or granular leukocytes in the blood
of the research groups. Heterophils are pronounced
phagocytes and can provide a broad spectrum of anti-
bacterial activity. To perform this activity, heterophils
use receptor mechanisms to detect and destroy patho-
genic bacteria. An increase in the count of heterophils
is caused by the activation of the immune system of
broilers because of their exposure to microorganisms
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and mycotoxins. Interleukin (IL)-2 and IL-8 are
involved in this process [77]. The results of this study
on reduction in the count of heterophils in the blood of
research group broilers therefore indicate a reduction
in the microbiological risk in the broiler body caused
by the NaHum additive.

This study found an increase in the count of
eosinophils in the blood of research group broilers,
yet it did not necessarily exceed the reference level.
Eosinophils mobilize at the site of antigen and anti-
body response, and this mobilization leads to an
increase in the count of eosinophils in circulation [78].
It is likely that the results of this research indicated the
activation of the immune system of broilers caused by
the NaHum additive. This was also confirmed by the
higher count of eosinophils found in research Group 2
than in research Group 1.

Poultry blood proteins serve as an important
indicator of health status and allow identification of
metabolic changes in the broiler body. These changes
are more dynamic in young poultry and are usually
associated with intensive metabolic processes and
changes in feed intake. The results of a research study
conducted in Slovakia [79] showed that significant
changes in the proportion of individual protein frac-
tions were found in broilers during intensive develop-
ment and fattening. These changes were explained by
the intensive development of broilers, which was also
influenced by different feed components. This study
confirmed that the inclusion of the NaHum feed addi-
tive in diets for broilers, resulting in a higher live weight
gain in the research group, has caused a decrease in
the TP level in the blood of broilers (25.49 = 1.41 g/L
in research Group 1 and 27.92 + 1.29 g/L in research
Group 2), while not violating the aforementioned [52]
reference level of TP in blood at 25.64-47.92 g/L.
However, this study’s data showed an increase in the
level of another blood serum protein fraction, ALB,
which confirmed the beneficial effect of the NaHum
additive on the composition of blood proteins and the
functionality of the liver and kidneys. Albumin is the
main blood plasma protein responsible for maintaining
the osmotic pressure in blood and provides a transport
function for various small blood molecules, including
fatty acids and bile pigments [80]. After examining
the effect of a humic acid feed additive on the health
of broilers, this study concluded that a decrease in P
levels in the blood was observed when NaHum was
added to the drinking water.

It is likely that the decreased blood P levels in
broilers are due to the metal chelating effect of humic
acid, which is influenced by a large number of carbox-
ylic acid side-chains [81]. Since NaHum was ingested
by the broilers with drinking water (rather than in
powder form), this might have further contributed
to more complete absorption of the alkaline humate
additive by the broilers, as the transition time of
digesta from ingestion to excretion in the broilers is as
short as 2 h [82]. In addition, the research also found

a lower proportion of bone tissue in the broiler group
watered with NaHum. In another dietary experiment
of ours, in which a sapropel (dry form) was added to
the feed mixture, the blood P level in the broilers was
higher (in the range of 3.95-4.25 mmol/L), slightly
exceeding that found in the control group (on average
3.07 mmol/L) (unpublished data).

Conclusion

The research results show that NaHum extracted
from freshwater sapropel is a promising and versatile
material as a dietary supplement in poultry farming;
the extraction is a relatively simple and environmen-
tally friendly process that can be easily scaled up for
industrial production. The dietary research with Ross
308 one-day-old broiler chicks found a positive effect
of NaHum on the performance of broiler chickens; as
feed intake per unit of production decreased, the live
weight of broiler chickens increased, higher produc-
tivity was achieved, and the economic efficiency and
cost of broiler production increased, i.e. feed conver-
sion rate was the same in both research groups in terms
of both live weight gain and carcass weight. However,
the average carcass weight was significantly higher
in both research groups. The NaHum additive mod-
ulates the ileum microbiota and metabolic processes
in the broiler body. Considering the positive effects of
NaHum derived from freshwater sapropel on the pro-
ductivity and economic efficiency of broiler chickens,
the NaHum feed additive should be further investigated
on commercial farms on a larger scale to obtain the
results that could be reasonably used in practice, as this
study was based on a small number of research poul-
try. Because this study has not found any references in
existing scientific literature to decreased blood P levels
in broilers or other farm animals after adding liquid
NaHum to their drinking water, we believe that it is
important to continue the research to draw reasonable
conclusions on the effects of NaHum in liquid form on
the health performance of farm animals.
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