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NUTRITIONAL AND BIOLOGICAL METHODS OF NITROGEN EMISSION
REDUCTION ON PRODUCTION PERFORMANCE OF GUINEA FOWL
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ABSTRACT

Reducing crude protein (CP) level in the feed without altering the amino acid
contents by supplementing synthetic amino acids to reduce nitrogen excretion, adding
of exogenous protease enzyme in feed to improve nitrogen utilization and treating litter
with the culture of Methylomonas methanica (MM) to prevent methane emission from
litter are the proven methods in commercial poultry production, especially in broiler
farming to protect the environment. However, the efficacy of these nitrogen emission
reduction strategies on the performance and economics of guinea fowl in intensive
production has not been studied adequately. Therefore, a biological experiment was
conducted with high protein (HP) diets with (T1) or without (12) fish meal (FM) and
low protein (LP) diets added with exogenous protease enzyme with (13) or without
(T4) FM. The levels of critical amino acids in all the feed were balanced with the
supplementation of synthetic amino acids. These treatments contained six replicates
of each with 15-day-old keets. At the start of ninth week, the litter of three replicates
from each treatment was sprayed with MM culture additionally, forming four more
treatment groups, from T35 to T8 respectively. The results of the study indicated that
replacing FM with plant protein sources did not affect body weight. The overall
trend revealed that the reduction of CP by 2% had a negative (P<0.05) impact on
body weight; while, the addition of protease in feed had no notable effect. The feed
consumption was not affected by the withdrawal of FM or reducing CP level by 2%
ordietary protease supplementation or MM litter treatment. The feed efficiency was
negatively impacted (P<0.05) by withdrawal of FM in high and low protein diets;
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while, feed efficiency was not improved by protease supplementation in LP diets.
The level of CP or withdrawal FM or protease enzyme supplementation in the ration
did not affect livability. The MM litter treatment did not affect growth rate, feed
consumption, feed efficiency and livability of guinea fowls. The results indicated that
the benefit-cost ratio could be improved in guinea fowls by using low CP feed.
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emission
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INTRODUCTION

Guinea fowl, prevalent game birds
in different regions of the world, have
significantly contributed to the country's
animal protein supply over time. Many people
like the eggs and meat of guinea fowl due to
their unique taste (Araujo et al., 2023). In most
developing countries, guinea fowl is raised
under semi-intensive or extensive production
systems with limited inputs (Issaka and
Yeboah, 2016); whereas, in most European
countries, guinea fowl production is carried
out under modern intensive systems; where
guinea fowl meat ranks second-largest source
of poultry meat and eggs, following domestic
chicken (Bernacki ef al., 2013).

Ammoniais produced by the microbial
breakdown of uricacid in the poultry litter. The
strategies to reduce ammonia emission from
the litter include dietary manipulation with
low crude protein (CP) diets supplemented
with limiting amino acids, proper ventilation
in poultry houses, the addition of chemicals
like yucca saponin to the litter, antibiotics,
zeolites, and phosphates and microbial
treatment of litter (Ferguson et al., 1998).
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Reducing crude protein content in the feed
with supplementation of limiting amino acids
is one of the major strategies to reduce nitrogen
emission and environmental protection in
intensive poultry farming (Moran et al., 1992).
The supplementation of exogenous protease is
another strategy for increasing digestibility
of crude protein, thereby reducing nutrient
excretion in faecces (Mahmood et al., 2017),
and deactivating anti-nutritional proteins,
such as trypsin inhibitors (Ndazigaruye et al.,
2019). Treating the litter with methanotrophic
bacteria like Methylomonas methanica (MM)
is yet another biological method of reducing
nitrogen excretion from the litter. This gram-
negative bacterium cleaves methane in
a metabolic process called methanotrophy
to obtain carbon and energy for its
growth (Madigan and Martino, 2006); thus,
reducing methane emission from poultry litter.
These nitrogen excretion mitigation strategies
have been very well studied in commercial
broiler farming, but not adequately in intensive
guinea fowl production. Therefore, the present
study was carried out to determine the effect
of low CP with supplemented amino acids and
protease enzymes in the feed and MM litter
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treatment on the production performance of
guinea fowls in intensive farming.

MATERIALS AND METHODS

Three hundred and sixty day-old
keets (Numida meleagridis) were weighed,
wing banded and allotted randomly into four
treatments replicated thrice with 15 birds.
The treatment groups were fed pre-brooder
(0-4 weeks) and brooder diets (5 - 8 weeks)
with high or low protein diets with or without
fishmeal (FM) as given in Table 1.

T1 - High protein diet with FM
T2- High protein diet without FM

T3 - Low protein diet with FM+
protease enzyme

T4 - Low protein diet without FM+
protease enzyme

At the start of ninth week, three
replicates in each treatment were additionally
treated with a spray of 75 ml of MM bacterial
culture on the litter at weekly intervals,
adding four more treatments, making it eight
treatment groups from 9 to 16 weeks of age.

TS - High protein diet with FM + MM
litter treatment

T6- High protein diet without FM +
MM litter treatment

T7 - Low protein diet with FM+
Protease enzyme + MM litter treatment

T8 - Low protein diet without FM+
Protease enzyme + MM litter treatment

The seed culture of MM bacterium
was procured from the American Type Culture
Collection (ATCC), Bangalore, India. The
seed culture was propagated in Nitrate Mineral
Salts (NMS) liquid media having pH 6.8. The
optical density (OD) of propagated bacteria
was calculated using spectrophotometer and
the culture having OD value of 0.082 was used
for spraying on the litter.

The production performance of bi-
weekly body weight was recorded on an
individual basis. The feed consumption was
recorded at bi-weekly intervals from all
the replicates and the feed efficiency was
calculated as the ratio of feed consumed to
the body weight gained. The mortality was
recorded on its occurrence and the livability
was calculated on bi-weekly basis. The
benefit-cost ratio of different feed treatments
was calculated from the expenditure and
income particulars.

Allthe data were subjected to statistical
analysis as per Snedecor and Cochran, (1994)
and the analysis was carried out by MS-Excel
and IBM-SPSS (Version 20.0).

RESULTS AND DISCUSSION
Bi-weekly body weight

Perusal of bi-weekly body weight
(Table 2) revealed that at the end of pre-
brooder stage, (4" week), the keets fed with
high protein diet containing FM (T1) had
significantly (P<0.05) higher body weight than
their counterparts fed high protein diet devoid
of FM (T2) and low protein diets supplemented
with protease enzyme or without FM (T3 and
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T4 respectively). At the end of the brooder
stage, that is, at the eighth week of age,
bird received high protein diets (T1 and T2)
attained significantly (P<0.05) higher body
weight compared to that of low protein diets
(T3 and T4), irrespective of addition of FM.
At the end of feeding grower diet (16" week
of age), high protein diet fed birds irrespective
of FM addition or MM treatment (T1, T2, T5
and T6) attained significantly (P<0.05) higher
body weight compared to the birds fed with
low protein diets devoid of FM irrespective of
MM litter treatment (T4 and T8).

The overall trend of biweekly
body weight from the sixth week onwards
revealed that the birds fed with high protein
feed either containing FM (T1 and T5) or
devoid of it (T2 and T6) performed similar
(P>0.05), indicating that eliminating FM from
the feed had no influence on growth rate of
guinea fowls provided the CP and the amino
acid levels are balanced. In a similar study,
Mikulec et al. (2004) observed that replacing
FM with soybean meal had no influence
on either live weight or live weight gain of
commercial broilers. Similarly, Aziz et al.
(2001) also reported that the protein from
FM can be replaced completely by soybean
meal with the supplementation of 0.10%
methionine. Chrystal ez al. (2020a) found that
the reductions in dietary CP from 20 to 17.2 %
supported by inclusions of unbound essential
amino acids did not compromise growth
performance. The present study proved that
low CP content coupled with the exclusion
of FM can impair the growth rate with
significantly (P<0.05) lower body weight

in guinea fowls throughout the study period
from sixth weeks of age irrespective of MM
treatment (T4 and T8).

The overall trend of body weight
in the current study revealed that feeding
guinea fowls with high protein diets (T1 and
T5) had significantly (P<0.05) higher body
weight compared to that of low protein diet
fed birds (T3 and T7), irrespective of the
addition of FM. This in contrast with most of
the earlier reports; where, the 35* day body
weight of commercial broilers fed with low
protein feeds of 2% (Belloir ef al., 2017) and
3% (Benahmed et al., 2023; De Rauglaudre
et al., 2023) less CP 56"day body weight of
free range yellow broilers fed with 2% less
CP (Shao et al., 2018) were not affected when
the requirements for amino acids (AA) were
adequately met by supplementing synthetic
AAs in reduced-CP diets.

In the present study, supplementation
of protease enzyme in low protein diet did not
restore (P>0.05) the body weight of guinea
fowls compared to those receiving high
protein diets; which is contradictory to the
earlier reports of Rehman et al. (2018), Law et
al. (2018) and Park et al. (2020) in commercial
broilers who reported that the addition of
exogenous protease enzyme in the LP diet
from day-old to 35 days of age restored the
body weight to that of control.

It was also noted in this study that
MM treatment of litter had no influence on the
body weight of guinea fowls compared to their
counterparts receiving no MM treatment (T5
Vs. T1; T6 Vs. T2; T7 Vs. T3; T8 Vs. T4).
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Feed consumption

The trend in bi-weekly feed
consumption (Table 3) revealed no significant
influence of CP level or addition of protease
in feed or the MM litter treatment was noticed
throughout the study period. The cumulative
feed consumption up to 16 weeks of age of
different treatments ranged within a narrow
range from 5431 to 5498 g and the differences
between treatments were in significant
(P>0.05).

In the present study on guinea fowls,
reducing the CP level in feed by 2% did not
influence feed consumption. Although negative
association (Ferguson ef al., 1998; Rehman
et al., 2018; Chrystal et al., 2020a) between
dietary protein level and feed consumption
in commercial broilers has been reported in
the literature, a different observation of no
influence of feed consumption with decreasing
level of dietary CP in commercial broilershas
also been reported (Olomu and Offiong,
1980; Shao et al., 2018; Belloir et al., 2017,
Benahmed ef al., 2023) similar to the findings
of this study.

The current study revealed that the feed
consumption of guineafowls wasnotinfluenced
by replacing FM with feed ingredients of
plant origin similar to the findings of Aziz et
al. (2001), who also reported similar findings
when FM in commercial broiler ration was
replaced with soybean meal.

The supplementation of protease enzyme
also evinced no response in feed consumption
of guinea fowls similar to the findings of Park
et al. (2020) in commercial broilers. Whereas,

Rehman ef al. (2018) found a significant
(P<0.05) increase in the feed intake with
protease supplementation.

Feed efficiency

The cumulative feed efficiency (Table
4) was not influenced by the CP level at the
end of feeding the pre-brooder diet (4"week).
As the experiment continued, at the end of the
brooder period (8*week), the feed efficiency
between high protein diet groups showed a
significant (P<(0.05) difference with the FM-
containing group performing better than birds
receiving a diet devoid of FM (T2). Similarly,
between low protein diets, the FM group (T3)
had better (P<0.05) feed efficiency compared
to the non-FM group (T4). Over a long term of
16 weeks, Although the feed efficiencies of all
the groups were found similar, the overall trend
revealed that withdrawing FM had significant
(P<0.05) influence on feed efficiency in high
and low protein diets; however, supplementing
protease enzyme in LP diets had no beneficial
effect on feed efficiency in guinea fowls.

A vast majority of earlier researchers
reported compromise in feed efficiency in
commercial broilers due to reducing CP
content by a milder level of 1.5 to 2% (Olomu
and Offiong, 1980; Chrystal et al., 2020a and
2020b). However, similar to the findings in this
study in guinea fowls, no significant (P<0.05)
effect in commercial broilers have also been
reported with the reduction of CP by 2% (Shao
et al., 2018; Belloir et al., 2017) and by 3%
(Benahmed et al., 2023), while balancing the
AA levels by supplementing synthetic AAs in
reduced-CP diets.
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Replacing FM with feed ingredients
of plant protein, although had a significant
(P<0.05) negative impact on feed efficiency
during the earlier part of the current study
with guinea fowls, there was no significant
difference was evident when the whole study
period was considered; which is inconsistent
to the earlier study of Aziz et al. (2001) who
replaced FM with soybean meal in the ration
and recorded no significant effect on feed
efficiency in commercial broilers.

Barring the feed efficiency of a couple
of bi-weekly periods in this study, in general,
supplementing protease enzyme in LP diet
did not affect feed efficiency of guinea fowls,
which was in contrast to the overwhelming
majority of earlier studies reporting significant
improvement of feed efficiency in commercial
broilers (Rehman et al., 2018; Law et al.,
2018; Park et al., 2020).

Livability

Barring T4, which recorded a
livability of 95.60%, all other treatment
groups registered a livability of 100%. As the
livability is more than 95% in all treatment
groups, it could be concluded that the level
of CP or withdrawing FM or supplementing
of protease enzyme in the ration had no
detrimental effect on liveability; similar to the
findings of Shao et al. (2018) in commercial
broilers fed with varying dietary CP levels
of 19, 18 and 17% and of Law et al. (2018)
in commercial broilers supplemented with
dietary protease enzyme. Interestingly, all
the treatment groups received litter treatment
with MM organisms recorded 100% livability,
indicating the non-pathogenic nature of MM.

Benefit- cost ratio

The production cost per bird as well
as per kg live weight basis in the present study
was lower in LP diet-fed groups (T3, T4, T7
and T8) compared to that of HP groups (T1,
T2, TS and T6); mainly because of reduced
inclusion of costlier protein feed resources
(Table 5). On the other hand, replacing FM
with plant protein sources in diets (T1 and T5
Vs. T6 and T6) had no impact on production
cost. In general, LP rations with FM (T3 and
T7) as well as without FM (T4 and T8) had
higher benefit-cost ratio ranging between 1.29
and 1.30 compared to lower values from 1.21
to 1.23 in HP rations (T1, T2, TS and T6). It
can be concluded that when guinea fowls are
reared for meat purposes in intensive system of
management, 2% low CP, that is, 22% instead
of 24% during pre-brooder, 18% instead of
20% during brooder and 16% instead of 18%
is optimum for higher economic returns. de
Rauglaudre et al. (2023) also suggested that
CP content could be reduced by up to 3.0%
without compromising growth performance
and associated traits of economic importance
in commercial broilers as long as the
requirements for AA are met.
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