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ABSTRACT

Humic substances obtained from vermicompost are an option to improve productivity and reduce ammonia
emissions in broiler houses. The objective of the study was to evaluate the addition of 20% raw (RWL) or
pasteurized (PWL) vermicompost leachate in the drinking water on production and carcass variables, broiler
and litter chemical composition and gain, and nitrogen retention and losses in broilers from 21 to 45 days
of age. A conventional diet supplemented with antibiotic growth promoters was offered throughout the
experiment. Results indicate that breast performance was improved (P < 0.05) in broilers fed 20 % PWL in
the drinking water compared to broilers that drank the RWL or water alone. The addition of 20 % RWL or
PWL did not improve nutrient retention in chicks or litter or nitrogen balance or losses in 21- to 45-day-old
chicks. PWL can be added to broiler drinking water to improve breast performance.

Keywords: broilers, wormcomposting leachate, humic substances, nitrogen, ammonia.

RESUMEN

Las sustancias himicas obtenidas de lombricompostas son una opcién para mejorar la productividad y
reducir las emisiones de amoniaco en las casetas de pollos de engorda. El objetivo del estudio fue evaluar
la adicién de lixiviado de lombricomposta crudo (LLC) o pasteurizado (LLP) al 20 % en el agua de bebida
sobre las variables productivas y de canal, la composicién y ganancia de componentes quimicos de pollos
y camas y la retencién y pérdidas de nitrogeno en pollos de 21 a 45 dias de edad. Se ofrecié una dieta
convencional adicionada con antibiéticos promotores del crecimiento durante todo el experimento. Los
resultados indican que se mejoré (P < 0.05) el rendimiento de la pechuga en pollos adicionados con 20 %
de LLP en el agua de bebida comparados con los pollos que bebieron el LLC o solo agua. La adicion de
20 % de LLC o LLP no mejord la retencién de nutrientes en los pollos o las camas ni el balance o pérdidas
de nitrégeno en pollos de 21 a 45 dias de edad. EI LLP se puede a adicionar en el agua de bebida de pollos
para mejorar el rendimiento de la pechuga.

Palabras Clave: pollos, lixiviado de lombricomposta, sustancias humicas, nitrdgeno, amoniaco.
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INTRODUCTION

Humic substances (HS) have been evaluated for some years as growth-promoting and
health-enhancing additives in broilers and layers (Sanmiguel et al., 2014; Arif et al., 2019).
Research results in broilers supplemented with HS indicate improvements in body weight,
feed conversion, carcass weight and intestinal villus morphology (Ozturk et al., 2012;
Taklimi et al., 2012; Disethle et al., 2017). Higher digestibility and retention of energy,
nitrogen and ash have also been observed in chickens supplemented with HS in the
drinking water (Gomez-Rosales and Angeles, 2015).

The main components of HS are humic acids (HA), fulvic acids (FA) and humins; they
originate from the decomposition of organic matter, are very common in nature and are
naturally present in drinking water, soil and lignite. HSs are molecules with a three-
dimensional structure containing an aromatic core with heterocyclic oxygen and nitrogen;
in the side chains there are functional groups that confer colloidal, spectral, and
electrochemical and ion-exchange qualities (Lehmann and Kleber, 2015; Piccolo et al.,
2019). SH can be found in concentrations of between 8-12% in composts and
vermicomposts prepared with different sources of organic matter and domestic animal
manure (Gomez et al., 2013). HS are also found, although in smaller amounts, in the liquid
(leachate) that drains from vermicompost beds after irrigation.

Two of the proposed mechanisms of action suggest that HSs act: 1) by increasing
membrane permeability due to their detergent effect, as they behave as natural
surfactants and can adsorb on different surfaces including biological membranes
increasing nutrient absorption (Gad El-Hak et al., 2012; Disetlhe et al., 2017) and 2) as
detoxifying agents in the intestine due to their reducing power in the absorption of nitrates,
fluorides and heavy metals (Taklimi et al., 2012; Orsi, 2014). HS can inhibit soil and rumen
ammonia production, which has been associated with increased efficiency of microbial
protein synthesis (Zhang et al., 2013; Terry et al., 2018). Also, HS reduce ammonia
emissions from manure of pigs supplemented with different sources of SH by a probable
reduction of bacterial urease activity (Ji et al., 2006) and ammonia concentration in fresh
excreta of chickens supplemented with SH (Maguey-Gonzalez et al., 2018).

Broilers are fed high-protein diets, which can cause ammonia excesses inside the
intestine (Qaisrani et al., 2015; Lemme et al., 2019), causing mucosal damage such as
reduced villus height and crypt depth (Feng-Xiang et al., 2012; Zhang et al., 2015).
Increased ammonia emissions from litter excreta are also present inside the houses, due
to high N excretion, causing reductions in weight gain and increased feed conversion
(Zzhang et al., 2015); in addition to damage to mucus flow, ciliary action and mucous
membranes of the respiratory tract (Wang et al., 2020; Zhou et al., 2020); reduced specific
antibody titers and other immune functions, with increased susceptibility to disease and
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increased mortality (Wei et al., 2015; Zhou et al., 2020). In a previous study, it was
observed that broilers supplemented with a vermicompost leachate (WL) had higher N
retention as the WL dose was increased, with respect to the control group (Gomez-
Rosales and Angeles, 2015); reductions of up to 30 % in ammonia content were also
observed in excreta from chickens supplemented with HS extracted from vermicompost
(Maguey-Gonzalez et al., 2018).

Obtaining vermicompost from animal excreta represents a sustainable option for nutrient
recycling and mitigation of toxic gas emissions such as ammonia, and they are also a
renewable source of HS that when added to broiler feeds have the capacity to improve
growth, nitrogen retention and reduce ammonia emissions from excreta (Maguey-
Gonzalez et al., 2018; Dominguez-Negrete et al., 2019). In previous work in chickens
supplemented with HS extracted from vermicompost the feeds offered to the chickens
were devoid of growth-promoting antibiotics (Gomez-Rosales and Angeles, 2015;
Maguey-Gonzalez et al., 2018; Dominguez-Negrete et al., 2019), but the positive effects
of HS on growth and nitrogen use in chickens supplemented with HS and growth-
promoting antibiotics in the same diet are unknown. This information is important since in
Mexico the addition of growth-promoting antibiotics in feed is a common practice. With the
above background, a study was designed to evaluate the addition of raw or pasteurized
vermicompost leachate on production and carcass variables, composition and gain of
chemical components of broilers and litter, and nitrogen retention and losses in broilers
from 21 to 45 days of age.

MATERIAL AND METHODS

Location, animals and experimental design

The study was conducted at the National Center for Disciplinary Research in Physiology
and Animal Improvement of the National Institute of Forestry, Agriculture and Livestock
Research (Instituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias,)
INIFAP). The protocol was reviewed and approved by the Animal Use Ethics Committee
and complied with the Mexican Official Standard (NOM-062-Z00, 1999). A total of 421
Ross 308 chicks aged 21 to 45 days, housed on the floor (17-18 chicks/cage), with eight
replicates per treatment, were fed a diet formulated with corn and soybean paste to meet
the nutrient recommendations of the strain, offered free access. Bacitracin methylene
disalicylate (BMD) at 11% was included as a growth-promoting antibiotic at a dose of 500
ppm equivalent to 55 ppm of active ingredient; and salinomycin at 12% at a dose of 500
ppm equivalent to 60 ppm of active ingredient for the prevention of coccidiosis. Treatments
were as follows: 1) broilers received drinking water directly from a storage tank connected
to bell drinkers, 2) 80 % tank water was mixed with 20 % raw WL (RWL) and 3) 80 % tank
water was mixed with 20 % pasteurized WL (PWL). The WL was obtained from
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vermicompost prepared from sheep manure. In treatment 2, before mixing the WL with
the drinking water, it was filtered using cotton cloth (diaper cloth). In treatment 3, the WL
was filtered and heated at 65 °C for 1 h before mixing with water. In treatments 2 and 3,
the water-WL mixture was put into 20-L plastic jugs and connected to bell troughs. The
contents of HA, FA and total humic acids (THA) were 0.30, 0.33 and 0.66 %, respectively.

Recording of production variables

The body weight of the chicks was recorded at the beginning and end of the study and
the daily weight gain (DWG, g/d) was estimated as the difference between the final weight
(42 d) and the initial weight, divided by the experiment day number. Feed offered and
rejected was also monitored to estimate the daily feed intake (DFI, g/d). Feed conversion
(FC) was calculated by dividing the DFI by DWG. Daily water consumption (DWCg, ml/d)
was quantified and water consumption/feed consumption was calculated. Mortality was
recorded daily. At the end of the experiment and after a 12 h fast, five broilers were
slaughtered from each pen and carcass and breast weights were recorded. Carcass and
breast weights were expressed in grams (g) and the yield was calculated as a percentage
(%), dividing by body weight.

Sampling and laboratory analysis

At the beginning of the experiment, before putting the chickens in pens, the floor was
cleaned by placing 11 kg of new sawdust and a sample was taken; at the end, the
complete litter was weighed and a sample was taken from each pen. At the beginning of
the experiment, three groups of chickens from the same flock of chickens used in the
experiment were slaughtered; at the end, three chickens were slaughtered per pen with
an average weight similar to the average weight per pen. Feed samples were also taken
every week.

Litter samples were freeze-dried and ground using a 2 mm sieve. Slaughtered chickens
were plucked and feather and body weights were recorded and analyzed separately. The
whole body was ground in a meat grinder and a representative sample was taken. The
body and feathers were freeze-dried separately and ground. Feed samples were ground
using a 2 mm sieve. In litter, broiler carcass, feather and feed samples, dry matter (DM),
ash (A) and nitrogen (N) were determined. All laboratory determinations were carried out
following recommendations AOAC (2019).
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Calculations of the chemical composition of chickens and litter
The following formulas were used to estimate total DM, A and N of litter and broilers at
the beginning and end of the experiment in each pen:

DM, A and N in litters,kg = % DM,A and N X weight of litters;

DM, A and N in chickens, kg * = (% de DM, A and N of chickens X

weight of chickens) + (% de DM,A and N of feathers X weight of feathers, kg);
*The sum of the N of the body and feathers was made in amounts equivalent to the weight of the body and
feathers at the beginning and at the end of the experiment.

Total feed consumption, kg = DFI X number of chickens per pen X 24 days;

Total consumption of DM, kg = % DM of feed X total feed comsumption;

N total intake, kg = DM total intake X % N in feed;

Calculations of gain of chemical components of chickens and litter
The following formulas were used to calculate the gain of chemical components in broilers
per pen:

DM gain in chickens,kg = DM total of chickens at the end —
DM total of chickens at the beginning of the experiment;

C gain in chickens, kg = total C of chickens —
Total C of the chicks at the beginning of the experiment;

N gain in chickens, kg = Total N of chicks at the end —
Total N of chicks at the beginning of the experiment-,

The following formulas were used to calculate the gain of chemical components in the
litter per pen:

DM gain in the litter, kg = total DM in the litter at the end —
total DM in the litter at the beginning of the experiment;
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;C gain in litter, kg = Total C in litter at the end —
Total C in litter at the beginning of the experiment;;

N gainin litter,kg = Total N in litter at the end —
Total N in litter at the beginning of the experiment;

Calculations of nitrogen retention and losses
The following formulas were used to obtain the N retention in kg and percentage in broilers
and litter per pen:

N retention in chickens, kg = total N in chicks at 45 days —
— total N in chicks at 21 days;;

Total N in chickens at 45 days—Total N in chickens at 21 days

N retention in chickens, % = x 100

Total N consumption

N retention in litter, kg = total N in litter at 45 days — total N in litter at 21 days;

Total N in beds at 45 days—Total N in beds at 21 days
Total N Consumption

x 100

N retention in beds, % =

N retention in broilers and litter,kg = total N in broilers and litter at 45 days —
total N in broilers and litter at 21 days

N retention in chickens and litter,% =
Total N in chickens and litter at 45 days—Total N in chickens and litter at 21 days

x 100

Total N consumption

The amount of N lost in total, per chicken and per kg of chicken produced was calculated
as follows:

Total N lost,kg = Total N consumption, kg — N retention in broilers and litter, kg;

Total N lost,kg ) =24
Number of chickens/) !

N lost per chicken produced, g/d = (

Total N lost, kg
Total produced kilograms

N lost per chicken produced, g/d = ( ) + 24;
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Statistical analysis

The results were subjected to analysis of variance under a completely randomized design,
using the General Linear Models procedures of the SAS statistical package. Prior to the
analysis of variance, assumption verification was carried out. The GDP and CDA variables
were transformed using the multiplicative inverse and all variables expressed as
percentages were transformed to arcsine to comply with the assumption of normality.
Statistical differences between means were analyzed using the least significant difference
methodology at P < 0.05.

RESULTS AND DISCUSSION

Production and carcass variables

Table 1 shows the productive variables, carcass and breast weight and yield. Initial weight,
final weight, feed consumption, weight gain, feed conversion, water consumption, and
water consumption/feed consumption and mortality were similar among the three
treatments evaluated. These findings do not agree with those of a study in chickens added
with RWL in the drinking water (Gomez-Rosales and Angeles, 2015), obtaining benefits
in final weight, weight gain and feed conversion; but using diets devoid of antibiotic growth
promoter and anticoccidial products. One of present work purposes was to clarify whether
the beneficial effects of WL on broiler growth could be maintained despite the presence
of BMD and salinomycin; however, productivity results show that the benefits of WL
previously observed using antibiotic-free diets were lost. WL pasteurization was carried
out with the intention of eliminating the naturally present microorganisms and nullifying
any possible growth-promoting effect that the beneficial flora might exert; as has been
suggested in tests of plant growth added with WL, as a source of HS (Canellas et al.,
2015; Olivares et al., 2015). Another important difference was that in the previous work a
WL from a vermicompost, made with pig and sheep manure containing 0.47, 0.14 and
0.61 % of HA, FA and AHT, respectively, was used (Gomez-Rosales and Angeles, 2015);
and in the present work a WL obtained from a vermicompost, made with sheep manure
containing 0.30, 0.33 and 0.66 % of HA, FA and THA, respectively, was used.

Breast yield was higher (P < 0.05) in broilers that drank RWL with respect to those that
drank only water and RWL (Table 1). Carcass and breast weight and yield were similar
between treatments. In a previous study, higher carcass yield was obtained from chickens
supplemented with HS extracted from worm composting (Dominguez-Negrete et al.,
2019). Higher carcass weight and carcass yield have also been reported in chickens
supplemented with increasing amounts of HS in feed and drinking water compared to the
control group not supplemented with HS (Ozturk et al., 2010; Ozturk et al., 2012). In a
previous report it was found that HS subjected to heating for more than 40 min retain their
detergent properties, but present a lower electron transfer capacity of labile chemical
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groups that are lost during heating (Visser, 1985); probably by reducing the reactions
associated with electron exchange between HS and different acceptors, and highlighting
only the surfactant effect, increasing the permeability of the membranes; causing the
higher breast yield with PWL, compared to RWL.

Table 1. Productive variables, carcass and breast weight and yield

Worm composting leachate Standard error

Water Raw Pasteurized of the mean

Body weight

Day 21, kg 0.66 0.64 0.66 0.011
Day 45, kg 2.23 2.23 2.26 0.031
DFI, g/day 142.48 141.92 142.87 1.922
DWG, g/day 84.48 87.21 88.09 3.482
DFI/DWG 1.69 1.65 1.64 0.056
DWCg, mi/day 310.82 300.44 299.79 8.747
DWCg/DFI 2.19 211 2.08 0.065
Mortality, % 2.50 3.57 2.86 1.336
Breast, g 488.61 488.12 497.49 11.360
Breast, % 23.552 23.432 24.67° 0.397
Carcass, ¢ 1193.31 1204.44 1205.26 23.301
Carcass, % 57.58 57.89 59.82 0.751

Productive variables n= 8. Breast and carcass n= 40.2b Different letters in the same row show statistically
different values (P < 0.05).

Composition and gain of chemical components of broiler chickens

The chemical composition of the slaughtered chickens at the beginning and end of the
experiment and the gain of chemical components are presented in Table 2. The initial
chemical composition was not analyzed statistically because only a representative sample
of the chickens was taken. There were no statistical differences in the chemical
composition or chemical component gain of the chickens at the end. The results are not
consistent with improvements in protein use efficiency and N and A retention in chickens
supplemented with HS (Gomez-Rosales and Angeles, 2015; Disetlhe et al., 2017),
through the excreta collection method.
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Table 2. Chemical composition of chickens at the beginning and end of the experiment and gain of
chemical components

Worm composting leachate Standard error of
Water Raw Pasteurized the mean
Chemical composition at 21 days
Dry matter, % 26.79 26.79 26.79 ND
Ash, % 7.78 7.78 7.78 ND
Nitrogen, % 12.06 12.06 12.06 ND

Chemical composition at 45 days

Dry matter, % 33.15 33.72 34.46 0.809
Ash, % 8.23 7.77 7.8 0.307
Nitrogen, % 12.11 11.95 12.13 0.065

Gain of chemical components per pen at

Dry matter, kg 9.74 9.78 10.55 0.352
Ash, kg 2.31 2.09 2.19 0.127
Nitrogen, kg 1.18 1.16 1.22 0.048

Chemical composition n= 24. Gain of chemical components n= 8, ND = not determined. @ No significant
statistical differences were observed between treatments (P > 0.5).

It has been reported that HS are able to regulate N availability for plants in the soil, due
to their adsorptive properties, binding directly with ammonia or stimulating the activity of
disintegrating bacteria that facilitate N uptake through the roots (Canellas et al., 2015;
Olivares et al., 2015). It was expected that this same effect could be carried out in the
chicken intestine, reducing ammonia levels released in the digestive tract, improving
health, production and nutrient retention (Qaisrani et al., 2015; Lemme et al., 2019).
Probably the presence of BMD and salinomycin counteracted the effects of HS observed
in previous work.

Table 3 shows the chemical composition of the litter at the beginning and end of the
experiment and the gain of chemical components. The chemical components at the
beginning were not statistically analyzed because only a representative sample of the litter
was taken. There were no statistical differences in the chemical composition or chemical
component gain of the litter at the end. Previous studies have reported that HS can inhibit
urease activity present in soil bacteria (Zhang et al., 2013) and ammonia emissions from
excreta of pigs and chickens supplemented with HS (Ji et al., 2006; Maguey-Gonzalez et
al., 2018).

In the present study, it was expected that HS would bind to ammonia inside the intestine
and in the litter, reducing N losses by volatilization, and consequently, higher N retention
in the litter at the end. Probably the presence of the antibiotics counteracted the effects of
HS in the litter.
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Table 3. Chemical composition of the litters at the beginning and end of the experiment and gain of
chemical components

Worm composting leachate Standard error of the
Water Raw Pasteurized mean
Chemical composition at 21 days
Dry matter, % 97.66 97.66 97.66 ND
Ash, % 4.77 4.77 4.77 ND
Nitrogen, % 1.53 1.53 1.53 ND

Chemical composition at 45 days

Dry matter, % 70.87 71.61 69.29 2.936
Ash, % 17.89 18.19 18.15 0.53
Nitrogen, % 3.6 3.51 3.54 0.074

Gain of chemical components per pen at

Dry matter, kg 10.46 9.4 9.6 1.199
Ash, kg 3.26 3.16 3.17 0.213
Nitrogen, kg 0.61 0.55 0.56 0.054

Chemical composition and gain of chemical components n= 8. ND = not determined. 2 No significant
statistical differences were observed between treatments (P > 0.5).

Retention and losses of nitrogen from broilers and litter

Table 4 shows the results of nitrogen balance and loss during the experiment. None of
the variables analyzed showed differences between treatments. These findings do not
coincide with the higher breast yield, which could suggest that there was greater efficiency
in the use of N for muscle protein synthesis, nor with the higher N retention reported in a
previous work in chickens supplemented with RWL (Gomez-Rosales and Angeles, 2015).
The results are not consistent with improvements in protein use efficiency and N and A
retention in chickens supplemented with HS (Gomez-Rosales and Angeles, 2015;
Disetlhe et al., 2017).

The lack of differences in N balance coincides with the lack of differences in broiler
productivity. N retention efficiency in broilers, litter and broilers + litter was 41, 28 and 69
%, respectively. N retention in broilers using the culling method was lower than reported
nitrogen retention (of 61-80 %) in broilers used in nitrogen balance studies subjected to
restricted feeding (Gomez et al., 2012; Gomez-Rosales and Angeles, 2015); but is more
in line with nitrogen retention (of 29-43 %) in free-fed broilers (Gomez and Angeles, 2011).
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Table 4. Retention and losses of total nitrogen

Worm composting Standard
i error of the

Water Raw Pasteurized mean
Nitrogen balance
N content of the diet, % 3.75 3.75 3.75 ND
Daily N intake, g 4.94 4.93 4.96 0.055
Total N intake, kg 2.07 2 2.08 0.095
N retention in broilers, kg 0.85 0.83 0.91 0.04
N retention in chickens/N consumption, % 40.73 40.96 42.22 1.123
N retention in litter, kg 0.61 0.55 0.56 0.054
N retention in litter/N consumption 29.23 27.09 27.26 1.646
N retention in broilers + litter, kg 1.49 1.42 1.46 0.087
gonszer;eprgloonrj %II’I broilers and litter/N 69.96 67.84 68.93 252
Nitrogen losses per pen and per chicken
Total N lost, kg 0.58 0.61 0.6 0.118
Total N lost, kg, % 28.08 30.56 29.06 1.079
N lost/chicken live/day, g 1.37 1.48 1.41 0.133
% N lost/chicken live/day, kg 0.62 0.68 0.63 0.058

Nitrogen balance and nitrogen losses n= 8. ND = not determined. & No significant statistical differences
were observed between treatments (P > 0.5).

Theoretically, the rest of the N not recovered in the broilers was excreted to the litter, i.e.,
59% of the N excreted by the broilers was expected to be recovered; however, only 28%
of N was recovered in the litter, so it is assumed that the missing N was lost as ammonia
to the environment, i.e., 31% of the N consumed and excreted was released from the litter
by volatilization inside the house during the 24-day period that the broilers remained in
the experiment. In litter, N losses in the form of ammonia are due to microbial
mineralization of urea and uric acid accounting for up to 80 % of the total nitrogen excreted
(zhang et al., 2015).

N losses per chicken and per kg of chicken indicate that an average of 1.42 and 0.65 g of
N per day were volatilized, respectively; considering that 0.216 g of H is required for the
formation of 1 g of ammonia from 1 g of N; estimating that per chicken and per kg of
chicken produced, 1.72 and 0.78 g of ammonia were generated. The rate of ammonia
formation from litter depends mainly on ambient temperature and humidity, and the rate
of accumulation inside the house depends on house size, number of chickens and degree
of ventilation (Feng-Xiang et al., 2012; Wei et al., 2015). However, it should be taken into
account that when ammonia is released from the litter, it is first inspired by the chick before
it is distributed in the house environment. If the house is adequately ventilated, the harmful
effects of ammonia on the chicken may be slight; but if the ventilation is not adequate, the
chicken will remain exposed to the toxicity of the gas for a longer period of time, because
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it will be constantly breathing it in. Therefore, it is necessary to continue searching for feed
and environmental management alternatives to mitigate the emissions of polluting gases
such as ammonia inside the houses, in order to reduce their detrimental impacts on the
productivity and health of the birds.

CONCLUSIONS

The results indicate that breast performance can be improved in broilers fed diets
supplemented with antibiotic growth promoters and 20% PWL in the drinking water. The
addition of 20 % RWL or PWL did not improve nutrient retention in broilers or litter, nor N
balance or losses in broilers 21 to 45 days of age.
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