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  INTRODUCTION 
Broiler farming is reported to increase the emission of 
harmful gases into the atmosphere, and increase the risk of 
odour disturbances in the surrounding environment 
(Brouček and Čermák, 2015). In addition to ammonia 
(NH3), broiler production facilities also emit greenhouse 
gas (GHG), especially carbon dioxide (CO2), methane 
(CH4), and nitrous oxide (N2O) (de Sousa et al. 2007). Re-
lated to odour disturbances, some gases related to broiler 
farm activityincluding methyl mercaptan, dimethyl trisul-
fide, dimethyl disulphide, hydrogen sulphide (H2S), and 
dimethyl sulphide can cause unpleasant odours in the envi-
ronment. High concentrations of sulphur, ammonia, and 
methane gases generated duringbroiler production activiti-

escan also cause odour pollution in the farm environment 
(Hidayat and Purwanti, 2021). Ammonia is one of the main 
gases produced by poultry excreta which can have a nega-
tive impact on the environment (Hidayatand Purwanti, 
2021). When chickens consume protein, some of the pro-
tein that is not utilized by chickens will be converted into 
uric acid, which is eventually converted into ammonia un-
der favourable conditions (Naseem and King, 2018). In 
addition to having a negative impact on the environment, 
high ammonia levels (>25 ppm) in broiler house were re-
ported to compromise body weight gain, feed conversion 
ratio (FCR), survivability, carcass production, and the poul-
try immune system (Brouček and Čermák, 2015; Swelum et 
al. 2021). High ammonia levels can also cause pain, eye 
inflammation, and increased oxidative stress in broiler 
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chickens (Swelum et al. 2021). Based on these conditions, 
efforts to reduce ammonia emissions from the broiler 
chicken house are very essential. In general, protein di-
gestibility is negatively correlated with ammonia concentra-
tion in broiler house (Sugiharto, 2022). The higher of pro-
tein digestibility, produces small amount of feed protein 
excreted, so that the ammonia production will be smaller 
(Hidayat and Purwanti, 2021; Sugiharto, 2022). 

The use of reduced-protein diets has been reported to re-
duce the potential for ammonia emissions in broiler house 
(Vilela et al. 2020). However, reducing the protein content 
in the feed can have an impact on decreasing growth rate in 
broiler chickens (Law et al. 2018). To reduce the potential 
for ammonia emissions from broiler house without reducing 
growth performance of broilers, the use of feed additives is 
often carried. This may increase feed utilization so that re-
duce nutrient excretion by chickens (Bailey et al. 2021; 
Swelum et al. 2021). Among the additives that can be given 
to broilers are enzymes. Malomo et al. (2018) confirmed 
that enzymes can improve the digestive process and use of 
nutrients so that they contribute positively to the reduction 
of nutrient excretion, especially protein in chickens. Hence, 
broiler farmers do not need to provide feed with an exces-
sive protein content since enzymes can maximize the utili-
zation of feed materials, particularly protein, as excess pro-
tein can increase the excretion of protein into the environ-
ment. 

This review provides an overview of the role of enzymes 
in reducing ammonia emissions from broiler farms. The 
mechanism of how enzymes reduce ammonia emissions 
from broiler farms is also discussed in this review. 
 
Ammonia emission during broiler production 
Among the air pollutants related to broiler chicken house, 
ammonia is the main gas and has the most significant im-
pact on the health of both chickens and farmers (Brouček 
and Čermák, 2015; de Sousa et al. 2017; Vilela et al. 2020). 
This gas is the result of the degradation of uric acid and 
undigested protein by chickens involving special microor-
ganisms, namely decomposition bacteria (Al-Kerwi et al. 
2022). When consumed by chickens, amino acids or pro-
teins in the feed will be absorbed and converted into other 
amino acids or degraded to produce energy (de Sousa et al. 
2017). Because poultry feed generally has a high protein 
content, some of the protein that is not digested and utilized 
by chickens will be excreted out of the body and subse-
quently converted into ammonia (Naseem and King, 2018; 
Swelum et al. 2021). Chickens secrete protein (nitrogen; N) 
in the form of uric acid which when degraded will release 
ammonium (NH4

+), which is the dominant form of N found 
in chicken excreta. Under certain conditions, for example 
an increase in temperature, humidity and pH value (alkaline 

conditions) in the broiler house, ammonium will be quickly 
converted to ammonia (de Sousa et al. 2017). 

The decomposition of uric acid is carried out by urease, 
an enzyme produced by microorganisms, which catalyses 
the hydrolysis of urea to form ammonia and carbon dioxide. 
There are five enzymatic steps involved in the aerobic deg-
radation of uric acid, including the conversion of uric acid 
to allantoin by the enzyme uricase. The second step is the 
conversion of allantoin to allantoic acid by the enzyme al-
lantoinase. Next is the conversion of allantoic acid to urei-
doglycolate by allantoic amidohydrolase, and by ureidogly-
colase, ureidoglycolate is finally converted to glyoxylate 
and urea. The fifth stage is the hydrolysis of urea into am-
monia and carbon dioxide catalysed by the enzyme urease 
(de Sousa et al. 2017). 

A number of factors have been reported to affect the con-
centration of ammonia in broiler chicken house, including 
stocking density and chicken age, nutrition, stress, litter 
management, ventilation, temperature, and relative humid-
ity (Vilela et al. 2020). Abouelenien et al. (2016) reported 
that an increase in stocking density and age of chickens was 
positively correlated with an increase in ammonia concen-
tration in broiler houses. With increasing stocking density 
and age, the excreta produced by chickens per unit area 
increases and simultaneously ammonia emissions also in-
crease in the house. In term of nutrition, the nutritional 
component that greatly influences the production of ammo-
nia in broiler house is protein. High protein content in 
broiler feed will have an impact on increasing N excretion 
along with excreta. In the study of Van Emous et al. (2019) 
it was apparent that compared to broiler fed a high protein 
diet, the litter and excreta samples of broiler chickens fed a 
low protein diet have lower total N content and lower am-
monia content. Regarding stress, Arifudin et al. (2019) re-
ported that stress in chickens can reduce protein digestibil-
ity so that some of the undigested protein will be excreted 
out of the body and in turn will be converted into ammonia. 
Litter has a major contribution to ammonia emissions in 
broiler chicken house. Wet litter and alkaline pH greatly 
contribute to the increase in ammonia emissions in broiler 
house (Bailey et al. 2021). In this case, wet litter can in-
crease the activity of decomposition bacteria so that it can 
accelerate the conversion of uric acid into ammonia. In re-
lation to pH, ammonia emission will increase significantly 
when the litter pH is above 8. In this context, urease has a 
maximum activity at pH 9 so that the breakdown process of 
uric acid into ammonia becomes faster. Based on the above 
conditions, keeping the litter dry and has a low pH is very 
useful for reducing ammonia emissions in broiler chicken 
house. As already mentioned, high temperature and humid-
ity are factors that can increase ammonia emissions in 
broiler house (de Sousa et al. 2017). High temperatures can 
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cause an increase in the proliferation and activity of de-
composition bacteria that play a role in the conversion of 
uric acid into ammonia. Note that, generally the decomposi-
tion bacteria in the litter are included in the group of meso-
philic bacteria originating from excreta (faecal origin) so 
that they can live optimally at a temperature of 34-37 ˚C 
(Miles et al. 2011). In terms of emission of ammonia from 
litter into the environment, ambient temperature is a very 
important factor because ambient temperature can affect the 
convection mass transfer coefficient of ammonia. On the 
other hand, litter temperature can affect the Henry constant, 
dissociation constant, and also the diffusion and formation 
of ammonia in the litter (Liu et al. 2007).  

Ventilation is a facility in the broiler house that is re-
sponsible for the exchange of gases including ammonia. In 
general, the concentration of ammonia in the boiler house is 
lower when the air circulation is faster (Liu et al. 2007). 
Ventilation also has a very important role in regulating the 
temperature and humidity in the room. A room with good 
ventilation will have a lower temperature and humidity, so 
that it has a positive impact on reducing the concentration 
of ammonia in the house. 
 
Negative impact of ammonia on productivity and health 
of broiler chickens 
The presence of ammonia in broiler house has been a con-
cern of the broiler industry for a long time because it can 
cause potential losses related to decreased chicken produc-
tion performance, damage to chicken skin and respiratory 
tract and can decrease chicken welfare (Bailey et al. 2021). 
The same thing was also reported by Swelum et al. (2021) 
that ammonia levels above 25 ppm in the cage can reduce 
growth rate, increase feed conversion ratio (FCR) and de-
crease broiler survival ability. Regarding the performance 
of chickens, increasing the concentration of ammonia in the 
broiler house can reduce feed consumption, thereby retard-
ing the growth rate of broiler chickens (Brouček and Čer-
mák, 2015).  

In line with this, Yahav (2004) reported that high ammo-
nia in the broiler house can affect the ability of chickens to 
maintain their internal body temperature so that the body 
temperature of chickens tends to increase. In conditions of 
high body temperature, chickens will reduce feed consump-
tion so that it has an impact on decreasing growth perform-
ance in broiler chickens. Furthermore, Yahav (2004) and 
Arifudin et al. (2019) showed that an increase in body tem-
perature due to high levels of ammonia in the cage could 
inhibit the activity of the hormones triiodothyronine (T3) 
and thyroxine (T4) which are actually responsible for the 
metabolic rate. In this case, the disruption of the metabolic 
rate will have a negative impact on the growth of broiler 
chickens. 

A study by Zhang et al. (2015a) reported that an increase 
in the concentration of ammonia in the broiler house could 
adversely affect the morphology of the intestine, especially 
the intestinal villi, thereby reducing the ability to absorb 
nutrients in chickens. This will have a negative impact on 
the availability of substrate to carry out metabolic activities 
and ultimately can impair the growth of broiler chickens. 
Furthermore, Zhang et al. (2015b) and Xing et al. (2016) 
reported that exposure to ammonia in house can cause liver 
damage in broiler chickens. Considering the function of the 
liver as a protein producer in the body, liver damage can 
have a negative impact on protein (meat) deposition in the 
body of broiler chickens. Furthermore, ammonia at high 
concentrations can increase lactate dehydrogenase (LDH) 
levels in the blood, causing kidney damage in broiler chick-
ens (Xing et al. 2016). Considering the importance of kid-
ney function in maintaining the physiological condition of 
chickens, kidney damage due to high ammonia in the cage 
can result in decreased health performance and growth of 
broiler chickens. 

High concentrations of ammonia in chicken house have 
been reported to damage the respiratory tract and weaken 
the immune system of broilers (Brouček and Čermák, 2015; 
Swelum et al. 2021). Furthermore, Brouček and Čermák 
(2015) confirmed that damage to the respiratory tract due to 
ammonia can increase the susceptibility of chickens to 
Newcastle disease virus, increase the incidence of air saccu-
litis and keratoconjunctivitis and increase the prevalence of 
Mycoplasma gallisepticum (Brouček and Čermák, 2015). In 
line with the above study, Zhang et al. (2015a) reported that 
an increase in ammonia in the broiler house can result in the 
disruption of the development of the immune organs so that 
the immune system in the body becomes less developed. In 
addition, oxidative stress due to high ammonia in the 
chicken house can cause disruption of the body’s immune 
response in chickens so that chickens become sick more 
easily (Zhang et al. 2015a; Swelum et al. 2021). The study 
conducted by Chen et al. (2021) showed that exposure to 
ammonia can cause inflammation in the lungs so that it can 
endanger the health of broiler chickens. Correspondingly, 
Liu et al. (2020) reported inflammation of the lung tissue 
caused by high levels of ammonia in broiler houses. In this 
case, ammonia activity can increase the proportion of Es-
cherichia/Shigella, activate the NLRP3 inflammasome, and 
increase the release of IL-1b which can trigger inflamma-
tion in lung tissue. Not only in the lungs, exposure to am-
moniacan also cause inflammation in the intestines medi-
ated by gut microbiota in broiler chickens through the 
TLR4/TNF-α signalling pathway (Zhou et al. 2021). Thus, 
high exposure to ammonia in the broiler house can cause 
damage to intestinal morphology so that it interferes with 
intestinal function in digestion and health. 
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Studies show that there is a correlation between the com-
position of the microbiota in the gut and gut health and at 
the same time the growth performance of broiler chickens 
(Sugiharto and Ranjitkar, 2019). The recent study by Han et 
al. (2021) showed that high levels of ammonia in the broiler 
house can alter the caecal microbiota of broiler chickens, 
which can have an adverse effect on the health status and 
growth rate of broilers. In particular, high levels of ammo-
nia in the broiler house can alter the composition/species of 
microbes that inhabit the digestive tract of chickens. In this 
context, exposure to ammonia can increase the concentra-
tion of ammonia in the blood, which can thereby lead to an 
increase in intracellular and extracellular pH values. This 
increase in pH can ultimately inhibit the proliferation of 
acid-producing bacteria which in fact are good bacteria in 
the intestines. In line with the above study, Zhou et al. 
(2021) also reported changes in the composition of mi-
crobes in the gut (microbiota dysbiosis) when broilers were 
exposed to high levels of ammonia in the broiler house. 
Further, Zhou et al. (2021) reported an increase in Strepto-
coccus, Escherichia-Shigella, Faecalibacterium, [Rumino-
coccus]_torques_group, Ruminococcaceae_UCG-014, un-
classified_f_Lachnospiraceae, Rothia, unclassi-
fied_f_Ruminococcaceae in broiler intestine exposed to 
ammonia. 

The negative effect of ammonia exposure is not only ob-
served on the growth and health of broiler chickens, but the 
negative effect of ammonia has also been reported on the 
carcass and meat quality of broiler chickens (Xing et al. 
2016; Swelum et al. 2021). Xing et al. (2016) reported that 
exposure to ammonia in the house can cause a significant 
decrease in the percentage of carcass and the percentage of 
broiler chicken breast meat at the age of 42 days. Regarding 
meat quality, exposure to ammonia can significantly reduce 
unsaturated fatty acid content and increase saturated fatty 
acid content in 42-day-old broiler chicken thighs. The lim-
ited movement of broiler chickens due to high levels of 
ammonia in the cage is associated with a decrease in the 
content of unsaturated fatty acids and an increase in satu-
rated fatty acids in broiler chicken meat (Xing et al. 2016). 
 
Negative impact of ammonia on environmental health 
Ammonia emissions can have detrimental effects on eco-
systems and the environment in addition to having a severe 
influence on the health and productivity of chickens 
(Naseem and King, 2018). Miles et al. (2013) reported that 
emission of ammonia during broiler production activity can 
cause environmental problems related to the disruption of 
the biodiversity of the ecosystem around the farm. Another 
study by von Bobrutzki et al. (2012) also showed that am-
monia emissions due to broiler production can affect air 
quality and affect the nitrogen cycle in nature. Another 

negative impact of ammonia emission is the emergence of 
an acidification process in the soil which in turn can reduce 
soil fertility. Furthermore, von Bobrutzki et al. (2012) 
found damage to pine trees at a distance of 200 meters from 
the broiler farm location which indicates a significant im-
pact on ammonia emissions on the ecosystem around the 
source of ammonia emissions. Another study by Brouček 
and Čermák (2015) revealed that ammonia emission is a 
very serious environmental problem because ammonia in 
the atmosphere can significantly change the level of oxida-
tion in clouds so that it can cause an increase in acid con-
centrations in rainwater. Note that, acid rain can acidify the 
soil and clean water so that it can reduce the fertility level 
of the soil. 

It has been mentioned above that ammonia emissions can 
cause disruption of biodiversity in nature. In general, 
Guthrie et al. (2018) explained that the impact of ammonia 
on biodiversity occurs through four main mechanisms, in-
cluding eutrophication (accumulation of nutrients in eco-
systems, especially nitrogen), acidification (acidification of 
soil and water due to the deposition of nitrogen com-
pounds), direct toxicity (direct damage from ammonia to 
leaves and plant surfaces), and indirect effects (especially 
changes in plant species composition due to high nitrogen 
levels in the environment). 

Ammonia is a gas that has a very strong odour. There-
fore, the emission of ammonia during broiler production 
activity can be a source of problems in the environment 
around the farms related to the pungent smell of ammonia 
(Carey et al. 2004). 
 
Digestion and excretion of protein 
Protein is one of the nutritional components that are very 
important for the growth and development of broiler chick-
ens. Protein plays a very vital role in the synthesis of body 
tissues so that it determines the overall growth rate of the 
chicken body. In poultry, protein is the main constituent of 
biologically active compounds in the body. Proteins, espe-
cially in the form of enzymes and hormones (peptide hor-
mones) have important functions in physiological processes 
that take place in the body of chickens (Beski et al. 2015). 
Because of the important role of protein in the life and 
growth of the chicken, the adequacy of protein in the body 
of the chicken must always be met. Feed is a source of pro-
tein for broilers, therefore a feed formulation that considers 
the protein needs of broilers (to live and grow) is absolutely 
necessary. However, not all the protein in the feed can be 
utilized by chickens. The amount of protein in feed that can 
be utilized by chickens really depends on the digestibility of 
broilers, especially protein digestibility. 

In general, protein digestion involves a number of se-
quential processes, which will eventually produce amino 
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acids that can be absorbed into the body by the small intes-
tine (Beski et al. 2015; Bryan et al. 2019). Based on the 
sequence of the protein digestion process, the non-optimal 
early stages of digestion in the proventriculus and gizzard 
can affect the digestive process in the small intestine and 
therefore reduce protein digestibility (Bryan et al. 2019). In 
this case the secretion of hydrochloric acid (HCl) and pep-
sin activity in the proventriculus will greatly affect the ef-
fectiveness of early digestion in broiler chickens. In the 
intestine, the activity of enzymes produced by the pancreas 
greatly determines the degradation of protein in feed and 
protein digestibility (Vilela et al. 2020). In addition, the 
composition of the microflora in the intestine and the mor-
phology of the small intestine (ratio of villi height and crypt 
depth) greatly determine the effectiveness of digestion and 
absorption of nutrients (Sugiharto and Ranjitkar, 2019; 
Shad et al. 2022). In general, digestibility is the amount of 
nutrients from the feed that are not excreted through the 
excreta or the part of the feed that is lost from the feed after 
the digestion and absorption process. Several factors greatly 
affect the value of protein digestibility in broiler chickens. 
Generally, the level of protein digestibility depends on the 
protein content in the feed and the amount of protein con-
sumed. In addition, the effectiveness of the digestive proc-
ess in the digestive tract of chickens and the source of pro-
tein used in the ration also greatly determines the value of 
protein digestibility in broiler chickens (Bryan et al. 2019). 
Qaisrani et al. (2022) pointed out that there was a differ-
ence in protein digestibility between soybean meal and ca-
nola meal, where chickens receiving soybean meal had sig-
nificantly higher protein and amino acid digestibility values 
than chickens fed canola meal. There is a close relationship 
between protein digestibility and N retention in broiler 
chickens. Maximum protein digestibility in general can 
increase N retention. The N retention itself is the amount of 
N that is absorbed and utilized by the body of broiler chick-
ens. Indeed, Nretention shows the difference between N 
consumption and N excreted in the excreta. Positive N re-
tention indicates that the protein needs of chickens can be 
met so that in the end it has an impact on increasing body 
weight of chickens (Tillman et al. 2005). 

As discussed above, not all protein in the feed can be 
utilized by the body of broiler chickens. Unlike carbohy-
drates and fats, proteins do not have an amino acid reserve 
mechanism in the body, and hence all excess amino acids 
derived from feed will be catabolized. After being metabo-
lized, this protein derivative becomes a precursor for the 
formation of uric acid to be excreted together with excreta, 
which will then be converted into ammonia (Vilela et al. 
2020). With regard to the digestibility, the level of protein 
digestibility will determine protein excretion in broiler 
chickens, where the higher the protein digestibility level 

will have an impact on decreasing protein excretion and 
vice versa. In addition, the level of protein in the feed will 
also determine the protein excretion of broilers. In general, 
chickens have limited ability to digest and utilize protein 
from feed. Due to these limitations, when giving too much 
protein to chickens, some of the protein that cannot be di-
gested and utilized by chickens will be excreted out of the 
body and will eventually be converted into ammonia 
(Naseem and King, 2018; Swelum et al. 2021). Stress (in-
dicated by the increased activity of the corticosterone) is 
another factor that can affect protein excretion. Sugiharto 
(2020) showed that heat stress can reduce the value of pro-
tein digestibility and increase the degradation of protein 
tissue in the body. Both of these can have an impact on 
increasing N excretion from the body of broiler chickens. 
 
Enzymes to reduce protein excretion 
Enzymes can be defined as protein molecules that function 
as catalysts in a biochemical reaction. In poultry, enzymes 
can be produced in the body of chickens called endogenous 
enzymes. Enzymes can also be produced outside the body 
of chickens referred as exogenous enzymes. According to 
Alabi et al. (2019), exogenous enzymes can be produced 
industrially for commercial purposes including being used 
in broiler feed as a feed additive. In general, commercial 
enzymes can be produced from microorganisms, plants and 
animals. Yet, enzymes produced from microorganisms are 
the main commercial enzyme products at this time. The 
application of enzymes in feed is used to increase the en-
ergy value of feed ingredients and improve the digestibility, 
absorption and utilization of carbohydrates, proteins, fats 
and the release of phosphorus from plant-derived feed in-
gredients that cannot be digested by poultry. In general, the 
increase in digestibility due to the use of these exogenous 
enzymes resulted in a decrease in the excretion of undi-
gested nutrients such as nitrogen and phosphorus. In many 
cases, the presence of endogenous enzymes is not sufficient 
to carry out its function as a biocatalyst or to carry out bio-
chemical digestion of feed in the body of broiler chickens. 
Responding to these conditions, the use of exogenous en-
zymes to support endogenous enzymes in carrying out their 
functions becomes very important. dos Santos Andrade et 
al. (2018) reported that the use of exogenous enzymes can 
maximize the digestive process in the small intestine 
thereby reducing the amount of undigested feed residue that 
enters the large intestine. 

Various exogenous enzymes have been widely used by 
broiler producers, including β-glucanase, xylanase, amy-
lase, α-galactosidase, protease, lipase, phytase, and others 
(Sugiharto, 2016). In its application, the use of enzymes can 
be carried out singly or in combination with several en-
zymes (Pessôa et al. 2016; Gallardo et al. 2018; Al-Qahtani 
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et al. 2021). Regarding the application of enzymes in 
broiler farms, Sugiharto (2016) revealed that to obtain the 
maximum benefit from enzymes, the use of a combination 
of several enzymes might have a better impact than the ap-
plication of single enzyme. The combination of enzymes is 
reported to produce synergistic effects and can target dif-
ferent anti-nutritional compounds in feed ingredients so as 
to produce maximum digestibility values. 

As stated above, the value of protein digestibility and N 
retention is inversely proportional to the excretion of pro-
tein or nitrogen from the body of broiler chickens. The use 
of enzymes to maximize protein digestibility and retention 
and reduce protein or N excretion has been widely prac-
ticed. Table 1 shows some examples of using exogenous 
enzymes to increase protein digestibility/N retention and 
decrease protein excretion from broilers. Based on the data 
in Table 1, it can be found that the quantitative increase in 
protein digestibility and the decrease in protein excretion 
due to enzyme supplementation in feed varied greatly from 
one study to another. It is not known for certain the expla-
nation of these differences, but it is very possible that fac-
tors such as the natures or types of enzymes (single enzyme 
or mixture) used, the level of enzymes in the feed, the pro-
tein and energy content in the feed, the growth phase of the 
broiler chickens (e.g., starter or finisher), chicken health, 
stress, environmental conditions during the study, etc. very 
influential on protein digestibility and protein excretion of 
broiler chickens. 

The mechanism by which enzymes can increase protein 
digestibility and N retention in broilers has been widely 
described in the literature. Nazemzadeh et al. (2017) re-
ported that exogenous enzymes can improve the hydrolysis 
of feed ingredients into simpler components and improve 
nutrient absorption by broilers. Rehman et al. (2017) fur-
ther showed that the use of exogenous proteases can in-
crease endogenous peptidase activity so that it has a posi-
tive impact on increasing feed protein digestibility and hy-
drolysis of anti-nutritional factors such as antigenic pro-
teins, trypsin inhibitors, and lectins contained in feed ingre-
dients. In line with this, Al-Qahtani et al. (2021), Javaid et 
al. (2022) and Yaqoob et al (2022) reported that the use of 
exogenous enzymes in feed can increase the production and 
activity of endogenous enzymes resulting in better protein 
digestibility and N retention in broilers. Regarding the abil-
ity of enzymes to hydrolyse anti-nutritive factors in feed, 
Gallardo et al. (2018) stated that enzymes, for example 
phytase, are able to cleave the phytate-protein complex 
bonds thereby increasing the availability of protein for 
broiler chickens. Effiong et al. (2019) also reported that 
exogenous enzymes can open the complex matrix of protein 
so that protein is more maximally digested and absorbed by 
chickens.  

Furthermore, Sugiharto (2016) and Yaqoob et al. (2022) 
showed that the use of exogenous enzymes can improve the 
ecology (microorganism population balance) of the diges-
tive tract and the morphology of the intestines of broiler 
chickens. Such conditions will have a positive impact on 
intestinal function in digesting and absorbing nutrients in 
broiler chickens. In line with the above study, Shad et al. 
(2022) and Yaqoob et al. (2022) reported that the use of 
protease can increase the ratio of villi height and crypt 
depth thereby improving the nutrient absorption capacity of 
broiler chickens. In terms of increasing protein digestibility, 
Wu et al. (2017) reported that the use of enzymes can re-
duce the viscosity of digesta so that it has an impact on in-
creasing the mixing of protein with pancreatic enzymes and 
bile acids. The decrease in digesta viscosity also has an 
impact on the movement of digesta in the digestive tract, 
thereby increasing the digestion process and protein absorp-
tion. 

In addition to improving protein digestibility, the use of 
exogenous enzymes is also reported to increase protein bio-
synthesis so that it has an impact on decreasing protein ex-
cretion out of the chicken body (Javaid et al. 2022). Also, 
exogenous enzymes can reduce the flow of amino acids in 
the small intestine so that it has an impact on decreasing 
endogenous amino acid excretion in broiler chickens 
(Pessôa et al. 2016). The same thing was reported by Gal-
lardo et al. (2018) that the use of phytase can reduce en-
dogenous N flow in the digestive tract so that it has an im-
pact on increasing N retention and decreasing N excretion 
from the body of broiler chickens. 

Apart from the positive effect of using exogenous en-
zymes on increasing digestibility and protein retention, the 
consistency and reproducibility of using enzymes in broiler 
chickens is still being questioned by poultry nutritionists 
around the world. In fact, the effectiveness of the use of 
enzymes in broiler chickens varies greatly depending on the 
type and dose of enzymes used, the method of mixing en-
zymes with feed, the composition of feed ingredients in 
chicken rations, environmental conditions and others 
(Anjum and Chaudhry, 2010). The study by dos Santos 
Andrade et al. (2018) reported that crude protein digestibil-
ity in chickens fed 100 fungal xylanase units (FXU)/kg of 
xylanase and 300 FXU/kg of amylase did not differ from 
crude protein digestibility in control chickens. In fact, giv-
ing 100 FXU/kg of xylanase and 200 FXU/kg of amylase 
resulted in lower crude protein digestibility compared to 
control chickens.  

The researcher also reported that there was no effect of 
giving 100 ppm of endo-1,4-beta-xylanase or 200 ppm of 
xylanase, amylase and protease on crude protein digestibil-
ity when compared to crude protein digestibility in control 
chickens.  
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The absence of an enzyme effect was also seen in the 
study of Al-Qahtani et al. (2021), where the administration 
of the xylanase enzyme could not increase the ileal nutrient 
digestibility of crude protein in experimental chickens when 
compared to control chickens. Furthermore, Javaid et al. 
(2022) reported no effect of giving phytezyme (containing 
xylanase [280 U/mL], phytase [130 U/mL], amylase [168 
U/mL] and protease [102 U/mL] on the N content in the 
excreta. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Examples of the use of enzymes and their effects on protein digestibility and excretion

Protein content of feed 
between treated vs. con-

trol group 

Level of enzymes in 
feeds 

Impact on protein 
digestibility 

Impact on protein 
excretion 

Types of enzymes Impact on broiler growth References 

Enzyme complex containing 
phytase, protease, xylanase, 
ß-glucanase, cellulase, 
amylase, and pectinase 

N excretion was 
reduced by 

Weight gain increased by 
3.77% and FCR1 reduced by 

2.67% 

Pessôa et al. 
(2016) 

N retention increased by 
5.30% 

200 g/t of feed Isonitrogenous 
3.30% 

Weight gain increased by 
4.31% and FCR reduced by 

3.80% 

Jabbar et al. 
(2021) 

Commercial protease en-
zyme 

Increased total tract N 
retention by 3.34% 

NM 30,000 IU/kg of feed Isonitrogenous 

80 KNU/kg of amylase, 
100 FXU/kg of xylanase, 
and 15,000 PROT/kg of 

protease 

RONOZYME® (blend of 
amylase, xylanase, and 
protease) 

Weight gain increased by 
3.69% and FCR reduced by 

3.10% at day 21 

Increased coefficient of 
digestibility of crude 

protein by 9.63% 

Giacobbo et al. 
(2021) 

Isonitrogenous NM 

Commercial enzyme (Bio-
max) contains phytase (57 
U/mL), xylanase (322 
U/mL), amylase (89 U/mL) 
and protease (258 U/mL) 

Had no significant effect on 
growth and FCR as compared 
to non-enzyme-treated birds 

Javaid et al. 
(2022) 

Decreased N in ex-
creta by 14.8% 

 
Enzymes reduce ammonia emissions  
Referring to the potential of exogenous enzymes in improv-
ing protein digestibility and N retentionin broiler chickens, 
the use of exogenous enzymes as agents to reduce ammonia 
emissions during broiler production becomes very logical. 
Several studies have reported the use of exogenous en-
zymes and their impact on ammonia emissions from broiler 
farms. Leinonen and Williams (2015) reported that the use 
of proteases in feed can reduce ammonia emissions during  
 

1,000 g per ton diet Isonitrogenous NM 

Had no significant effect on 
growth and FCR as compared 
to non-enzyme-treated birds 

Increased ileal digesti-
bility of crude protein 

by 1.23% 

Cho et al. 
(2020) 

Kemzyme® protease 150 g per ton diet Isonitrogenous NM 

Increased weight gain by 
3.98%, but had no effect on 

FCR 

Al-Qahtani et al. 
(2021) 

Increased ileal protein 
digestibility by 7.42% 

Phytase 300 mg/kg feed Isonitrogenous NM 

Al-Qahtani et al. 
(2021) 

Had no substantial effect on 
weight gain and FCR 

Increased ileal protein 
digestibility by 1.68% 

NM β-glucanase 100 mg/kg feed Isonitrogenous 

Enzyme blend (cellulase, 
glucanase, xylanase and 
phytase) 

Weight gain increased by 
17.2% and FCR reduced by 
14.2% during finisher period 

Increased apparent 
nutrient digestibility of 

crude protein by 28.24% 

Effiong et al. 
(2019) 

0.2 g/kg feed Isonitrogenous NM 

Weight gain increased by 
6.59% and FCR reduced by 

4.93% 

Rehman et al. 
(2017) 

Increased N retention by 
27.27% 

Commercial protease 0.02% of diet Isonitrogenous NM 

Decreased crude 
protein content in 
excreta by 16.67% 

Nazemzadeh et 
al. (2017) 

ProAct (CT) Protease en-
zyme 

Had no substantial effect on 
final weight and FCR 

100 g/ton feed Isonitrogenous NM 

700 U α-galactosidase, 
2,200 U Weight gain increased by 

5.40% and feed efficiency 
increased by 7.14% 

Increased apparent total 
tract digestibility of N 

by 3.47% 

Multicarbohydrase Gallardo et al. 
(2018) 

Isonitrogenous NM galactomannanase, 3,000 
U xylanase, and 22,000 U 
β-glucanase per kg of feed 

 

Weight gain increased by 
2.82% and feed efficiency 

increased by 3.42% 

Increased apparent total 
tract digestibility of N 

by 4.20% 

Gallardo et al. 
(2018) 

Phytase 500 FTU per kg of diet Isonitrogenous NM 

Increase crude protein 
digestibility by 5.29% 

and N retention by 
1.93% 

Increased body weight by 
2.76% and improved FCR by 

3.01% 

Shad et al. 
(2022) 

3,000 protease units/kg of 
feed 

NM Isonitrogenous Commercial protease 

Multi-carbohydrase enzyme 
complex 

NM Isonitrogenous 
Increased body weight by 

3.2% and improved FCR by 
5.2 points 

Enhanced apparent ileal 
digestibility of crude 

protein by 4.9% 
Wu et al. (2017) NM 

Multi-enzymes with compo-
sition of 1,4-β-xylanase 
20,000 U/g; α-amylase 
2,000 U/g and protease 
40,000 U/g 

Increased n ileal di-
gestibility of protein by 

7.34% 

Yaqoob et al. 
(2022) 

Had no substantial effect on 
weight gain and FCR 

NM 100 mg/kg multi-enzymes Isonitrogenous 

FCR: feed conversion ratio and NM: not measured. 
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broiler rearing. The reduction in ammonia emissions was 
due to a decrease in the N content in chicken excreta and an 
increase in N retention in the broiler body. In line with the 
study above, Oxenboll et al. (2011) reported that protease 
administration reduced ammonia emissions throughout the 
broiler production period. In agreement with Leinonen and 
Williams (2015), Oxenboll et al. (2011) also reported that 
the reduction in ammonia emissions was closely related to 
increased protein digestibility and N retention in broiler 
chickens. The corresponding condition was also reported by 
Jabbar et al. (2021), in which the use of protease enzyme as 
feed additive improved total tract N retention in broiler 
chickens. The latter condition has an impact on decreasing 
the N content in the excreta of broiler chickens. The same 
condition has also been reported by Shad et al. (2022) 
where the administration of commercial protease enzymes 
can improve protein digestibility and also N retention so 
that it has an impact on reducing protein and N waste that is 
excreted into the environment. Furthermore, da Silva et al. 
(2021) reported the positive impact of using commercial 
protease enzymes on increasing the coefficient of true ileal 
digestibility of essential amino acids. Indeed, Park and Kim 
(2018) noted that the change in the gut microbial commu-
nity due to enzyme supplementation was responsible for the 
improvement in N retention, and consequently, excreta 
ammonia emission. In agreement with this, Giacobbo et al. 
(2021) demonstrated that supplementation with 
RONOZYME® (blend of amylase, xylanase, and protease) 
modified the diversity and composition of microbiota in the 
intestine of broilers. It should be noted that the improve-
ment in intestinal microbial ecosystem may improve gut 
health and abilities to absorb and digest nutrients, including 
N (Sugiharto, 2016). Moreover, Law et al. (2018) reported 
that supplementation using protease enzyme can improve 
the morphology of the small intestine (e.g., increasing intes-
tinal villi height) so that it has a positive impact on the in-
testinal absorptive surface area. Likewise, Giacobbo et al. 
(2021) revealed that dietary supplementation with 
RONOZYME® increased villous height, decreased crypt 
depth and increased villous height to crypt depth ratio. The 
latter condition may support the intestinal capacity in ab-
sorbing nutrients especially N, so that less N is excreted out 
of the body.  

In addition to the improvement in N retention, the im-
proved energy and N partitioning system in broilers as a 
result of the supplementation with enzymes may also be 
responsible for the decreased ammonia emissions. In such 
case, McCafferty et al. (2022) reported that protease in-
creased N retention-to-N intake ratio and net energy (NE)-
to-apparent metabolizable energy (AME) ratio, while de-
creasing NE intake-to-N retention ratio. Protease also im-
proved energy utilisation by reducing heat production and 

heat increment (HI), which hence improved N retention-to-
N intake ratio. Overall, the latter investigators suggest that 
the increase in N retention may not be due to an increase in 
nutrient digestibility per se, but rather a change in the net 
metric with endogenous enzyme secretion resulting in de-
creased heat production from N excretion, endogenous loss 
as well as energy maintenance. 

Apart from the positive impact of using exogenous en-
zymes to reduce ammonia emissions in broiler chicken 
houses, several studies reported different findings. 
Lourenco et al. (2020) reported that there was no effect of 
using protease on ammonia emissions. The absence of the 
effect of using protease on ammonia is in line with the ab-
sence of the effect of protease on protein digestibility in 
broiler chickens. The study by Akter et al. (2019) indeed 
showed that the use of phytase in feed can increase the con-
centration of ammonia in broiler litter. The reason for the 
increase in ammonia in the litter is still unclear, but the high 
Na content in the feed may have an impact on increasing 
ammonia emissions in broiler chicken house. In this case, 
the high-water content in the litter (as a result of the high 
Na in the feed) could explain the increase in ammonia con-
centration in the broiler house. 
 

  CONCLUSION 

Ammonia is the main air pollutants related to broiler pro-
duction activity whose presence not only has a negative 
impact on the health and productivity of broiler chickens, 
but also adversely affects environmental health. Reducing 
protein contents in broiler feed is an effective way in reduc-
ing ammonia emissions from broiler chicken house, but 
decreasing protein in feed can have a negative impact on 
broiler growth performance. The use of enzymes as feed 
additives in feed can be a solution to maximize digestibility 
and utilization of protein in feed so that feeding with exces-
sive protein content can be avoided. Due to its ability to 
improve digestion and retention of N in the body, enzymes 
especially protease can reduce N excretion through excreta 
so that it has an impact on reducing ammonia emissions 
from broiler chicken houses. 
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