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There is room for protein reduction in broiler diets without compromising 
performance 

Key information 

• Literature suggests that dietary crude protein (CP) reduction below the currently established commercial 

levels is accompanied by performance loss. However, in many cases limitations in the experimental 

setups may explain these effects on performance. 

• Several published trials in which dietary CP was successfully reduced can serve as best practice 

examples. 

• Establishing a phase feeding program is prerequisite for successful CP reduction. 

• With respect to the grower/finisher phase and to the entire production cycle best practice examples 

suggest SID Met+Cys : SID Lys: ≥75%,  SID Thr : SID Lys: ≥64% (increasing ratio to ≥70% under low 

protein conditions might be relevant), SID Val : SID Lys: ≥80%, SID Ile : SID Lys: ≥70%, SID Arg : SID 

Lys: ≥110%, and SID Glyequivalent : SID Lys:≥112%. 

• Nitrogen utilization can be optimized by CP reduction but in order to maximize N-utilization, performance 

might be compromised. 

• Dietary CP reduction reduces water intake and litter volume, improves litter quality and footpad health, 

amongst other benefits which should be included in the economic assessment of CP reduction in 

commercial settings. 

Introduction 

Poultry production and nutrition are topics under increasing scrutiny by consumers. Currently, public attention 

focuses mainly on animal welfare aspects and on the fight against antimicrobial resistance; however, pollution 

and the introduction of contaminants into the environment are increasingly considered. In 2018, the World Wildlife 

Fund (WWF) highlighted nine planetary boundaries where human activities are critically reducing the safe 

operating space. Amongst them are extinction rate, and phosphorous (P) and nitrogen (N) inputs into the 

biosphere (Living Planet Report, 2018). With respect to N emissions, agricultural and animal production are major 

contributors. Santonja et al. (2017) published a report to aid the implementation of the European Directive on 

Industrial Emissions released by the European Commission (2013).  In this reference document, best available 

techniques for the intensive rearing of poultry and swine are described. Among many other techniques, these 

authors suggest reducing dietary crude protein (CP) by using N-balanced diets based on digestible amino acids, 

multi-phase feeding, adding essential amino acids and other suitable feed additives. It should be noted that 



 

 

Evonik Operations GmbH | AMINONews® | April 2021 | Page 2 / 21 

 

besides reduction of N-emissions, several further benefits are associated with dietary N-reduction (Lemme et al., 

2019). Water intake of animals is lessened and consequently, so is moisture content of the litter, which results in 

reduced litter quantity and improved litter quality. Moreover, health and welfare of animals is positively impacted. 

Feed producers struggle to substantially reduce dietary N in broiler feed  

Many commercial animal nutritionists doubt about the feasibility of substantial dietary N reduction without 

sacrificing performance in terms of body weight gain and feed conversion ratio. This is a surprising distrust as an 

abundance of scientific literature is currently available which concludes that dietary N-reduction does not result in 

impaired performance. Oftentimes, those non-significant results (P > 0.05) are in fact accompanied by numerical 

performance drops which – under commercial conditions – would be of relevance. Interestingly, in 2007 we 

reviewed low nitrogen research and concluded from the compiled data that CP-levels in broiler feed could be 

reduced by 3-4 %-points without affecting performance (Payne, 2007). In Figure 1a, performance of broilers fed 

conventional and low CP-diets is displayed. In each single reference point, no significant impact on performance 

was found. In Figure 1b and Figure 1c, the same weight gain data are separated into two feeding periods (0-22 d 

and > 22 d). Absolute differences of average daily gain (ADG) between low CP and control treatments are plotted 

against the difference in respective dietary CP content. The 0-line would indicate that there is no difference in 

performance. As most data points are located below the 0-line, these represent, in fact, negative responses. This 

picture thus suggests that the subtle performance drop associated with dietary CP reduction is not captured by 

statistical analysis. Pesti (2009) analyzed the same data set and concluded that protein reduction, even with 

amino acid balancing, would gradually impair performance of broilers. Clearly, Figure 1b, Figure 1c and Figure 2 

also identify a few cases where performance was maintained with dietary CP reduction – those can serve as “best 

practice” examples. In conclusion, the classical approach of comparing treatments in feeding trials by analysis of 

variance followed by such meta-analysis probably hinders the progress of low nitrogen nutrition strategy.  

A more successful and commercially-relevant approach is to identify “best practice” cases and to understand how 

these differ from the other examples. In addition, it should be kept in mind that these best practice examples only 

target to maintain body weight gain and feed conversion ratio of broilers with dietary N-reduction. According to 

Pesti (2009), “performance increasingly means optimizing eviscerated and breast meat yields, not just maximizing 

body weight and feed efficiency. The emphasis of amino acid and protein research should be on developing 

equations that can be used to relate inputs (costs) and outputs (performance) to maximize profits under various 

environmental conditions with each genetic stock”. Indeed, particularly for research on N-reduction, other key 

performance indicators could – and should – be added to those predictive equations. For example, dietary N-

reduction decreases water intake and litter quantity, improves litter quality and footpad health, can improve health 

in general and gut health, and – depending on the degree of N-reduction – reduces diet prices (Lemme et al., 

2019, Facts & Figures 15177 and 15178).  
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Figure 1:  Results from normal (control) and low protein treatments compiled in a literature survey by Payne (2007, a) and plotted as  

difference to control against protein reduction in starter (b) and grower phase (c)  

 

Figure 2:  Average daily gain (ADG; left) and feed efficiency (FE; right) of broilers of various trials obtained from Payne (2007) fed  

changing dietary crude protein levels as presented by Pesti (2009)  

 

The current literature survey on low nitrogen diets in broilers 

Scientific publications on the topic of CP-reduction in broiler feeds published in 2000 or later were collected. 

These studies included: 1) classical N-reduction studies in which dietary CP was gradually reduced and, 2) 

studies which investigated, for example, the impact of single amino acids in low CP-feeds compared to control 

diets. A data set was defined as performance data which could be assigned to exactly one feed or feeding phase, 

respectively. In other words, a feeding trial with, for instance, 3 phases represented 3 data sets. The adoption of 

such approach meant that the initial weight at the beginning of a feeding phase was not necessarily identical 

between treatments; however, for the sake of this exercise, this potential methodological error was acknowledged 

and accepted. Finally, data from 39 references and a total of 160 data sets were collected. As much information 

as possible was extracted from the publications. Besides performance data, also details on feed and nutrient 

composition, on housing, and genetic details were compiled. For one subset of data (22-38 d) representing the 

feeding phase with major impact on N-balance, the reported diet compositions were recalculated with a linear 

programming feed formulation software using AMINODat 5.0 matrix values for the ingredients. Ingredient qualities 

were chosen so that feed formulation resulted in similar crude protein and amino acid levels to those reported. 

With that, more than the reported details on feed composition became available in order to find differences 

between best practice case and others. Moreover, further calculations such as N-utilization (See Box 1) were 

performed on basis of the experimental data. Data were plotted against dietary CP. Also, performance data were 

benchmarked against breeder performance objectives (Ross 308, mixed flock, 2014) which were considered 

moderate considering that: 1) the vast majority of published data used male broilers and; 2) studies were 

conducted under well-controlled experimental conditions; both of which conducive to high performance. The 

tested range of dietary CP-levels were compared with CP-levels which are probably commercially common. In 
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case subsequent feeding phases were merged, a weighted average crude protein level (WACP) was calculated 

considering proportional feed intakes of the respective phases. 

BOX 1: N-utilization – two models: 

N-utilization is a measure for efficiency of dietary nitrogen and can be calculated by different methods:  

1) The classical Total N-Utilization (TNU) indicates how much of the ingested N is retained and/or excreted.  

𝑇𝑁𝑈 =
N deposition in body protein

N consumption
 

N-consumption can easily be calculated from feed consumption multiplied by its N-content. If whole body analysis 

data are not available, estimation of N-deposition can be simplified by assuming 30 g N/kg body weight (Hiller et 

al., 2014) in broilers older than 21 d and 28 g N/kg body weight for d old chicks.   

While TNU is an important indicator for assessing N-emissions, it does not reflect how much of the bird’s 

capability to retain N is realized.  

2) The Potentially available N (PAN) model was developed to counteract the abovementioned shortcoming 

(Lemme, 2017).  

𝑃𝐴𝑁 =
N deposition in body protein

consumption of potentially available N
 

In this model the deposited N is related to a fraction of dietary N corrected for non-available N. The non-available 

fractions include:  

1) non-digestible amino-acid-N: considers all amino acids including tyrosine and the distinction of glutamine 

and glutamic acid and asparagine and aspartic acid. Especially the latter has a strong impact on the 

amino-acid-N fraction;  

2) non-protein-N (NPN): considers that about 10 % of total N might be available for deposition only to a 

small extent. Nucleotides from genetic material make about 20% of NPN (Frydendahl Hellwing et al., 

2007) and might be retained by up to 50%. Because of this latter available fraction from NPN, PAN-

concept slightly differs from concept of “true protein” (Alhotan and Pesti, 2016). True protein as used by 

Alhotan and Pesti (2016) refers to anhydrous AA-N, a concept which recently gained interest in context 

of feed ingredient evaluation (Lemme, 2018)  

Calculated PAN-efficiency releases higher numbers than TNU-efficiency and could theoretically lead to 100% N 

utilization efficiency. However, maintenance N-requirement as well as N-requirement for purposes other than 

deposition, such as immune response, will not allow for 100% efficiency (Figure 3). If the maximal PAN-utilization 

is achieved, further increase of efficiency will be accompanied by performance drop. 
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Figure 3:  Estimated cumulative nitrogen utilization of male and female broiler based on potentially available nitrogen and maximum  

achievable utilization determined by endogenous losses. 

 

Is successful protein reduction possible? 

The largest group of 25 data sets in our compilation covered the age range from 1 to 21 d (in a few cases, periods 

may have started a few days later or ended a few days earlier; references see appendix). Results are shown in 

Figure 4. At a first glance, responses are similar to those reported by Pesti (2009) with both ADG and feed 

conversion ratio (FCR) being impaired with the reduction of dietary CP. Furthermore, only a few studies reached 

or exceeded the benchmark of 44 g ADG/d. With respect to FCR, a couple of treatments performed reasonably 

well but only in the range of normal/commercial CP levels down to 20.5 %. Further CP reduction had a strong 

negative impact on FCR. Under no circumstances could ADG and FCR be kept at reasonable levels at dietary 

CP-level lower than those practiced commercially.  

Figure 4:  Performance responses (average daily gain (left) and feed conversion ratio (right)) of 1 to 21 d broilers to dietary  

CP-reduction compiled from 26 experiments. Daily gain and feed conversion benchmark were set at 44 g/d and 1.33 kg/kg 

(red lines). Commercially common dietary CP-levels were set at 20.5% to 23.0% (green corridor).  

 

In fact, rather than depicting the pitfalls of reducing dietary CP, this exercise reiterates the importance of a basic 

nutrition concept – phase feeding. Amino acid requirements change substantially from d 1 to d 21 and one diet 

alone throughout this period will not be successful in meeting them. In such conditions, neither reasonable 

performance per se nor successful dietary protein reduction will be possible. 

If data are plotted from d 1 to 14 performance is maintained over a wide range of dietary CP (Figure 5, references 

see appendix). Still, even if most of the data are below the ADG benchmark some data sets suggest excellent 

FCR. 
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Figure 5:  Performance responses (average daily gain (left) and feed conversion ratio (right)) of 1 to 14 d broilers to dietary  

CP-reduction compiled from 20 experiments. Daily gain and feed conversion benchmark were set at 34 g/d and 1.23 kg/kg. 

Commercially common dietary CP-levels were set at 21.0% to 23.0%. Commercially common dietary CP-levels were set at 

21.0% to 23.0% (green corridor).  

 

Conclusions: Phase feeding with adjusted dietary amino acid supply is a prerequisite for successful dietary CP 

reduction. Moreover, shorter feeding periods are recommended in particular during the first 3 weeks of life. 

Feeding one diet to broilers from 1-21 d is still common in many countries and these settings are neither 

appropriate for the successful adoption of a low CP strategy nor for the conduction of low CP feeding 

experiments.  

Regarding N-efficiency, reduction of dietary CP improved N-utilization in most cases in a rather linear manner 

(Figure 6). According to the classical approach (TNU, see Box 1), TNU at the lowest CP-levels registered values 

beyond 75%. If the correction is made for non-available N (PAN, see Box 1), an N-utilization efficiency of > 90% is 

obtained. Regardless of the inaccuracies of both calculations, it is obvious that the broiler’s capacity to utilize 

available N is maximized as CP levels are reduced. Liebert et al. (2008), Farke (2011), Pastor et al., (2013), and 

Khan (2015) estimated the N-maintenance requirements in modern broiler strains and suggested that the 

proportion of maintenance to overall N requirement increases with age. Accordingly, the N-maintenance may 

increase from about 6% in the early grower stage to > 20% in older (larger) birds (Figure 3). However, the same 

researchers suggested a wide variation of results although studies were performed under controlled conditions. In 

commercial settings with oftentimes challenging conditions, requirements for maintenance and health may easily 

increase. This would shift the maximal possible N-utilization (indicated by the dotted lines in Figure 3) downwards. 

Figure 4 and 6 suggest N-utilization still improves even at declining performance levels. In 2004, Fatufe et al. 

reported that the utilization of lysine (Lys) for retention was < 70% at dietary intakes allowing for best 

performance in broilers. Moreover, Lys-utilization was maximized at Lys-intakes allowing for only 80% of maximal 

Lys-deposition. Similar findings were reported for methionine (Met) utilization in broilers fed normal (23%) and low 

(18%) CP-diets (Fatufe et al., 2005). Accordingly, Met-utilization was maximized at Met-intakes allowing for about 

75% and 70% of max Met-deposition at low and normal CP diets, respectively, in 8-21 d broilers. In other words, 

nutrient utilization for deposition is not maximized at maximum performance and maximizing nutrient utilization is 

accompanied by performance reduction. Along with this, other benefits of CP reduction might be of importance 

and may justify a performance drop. Among them are legislative pressure, improved water management on farm 

and positive impacts on health. One recent example suggests positive effects on the immune system by CP 

reduction (Facts & Figures 15180). 

Conclusion: Maximizing performance (meat deposition and therefore N-retention) does not allow for maximizing 

dietary N-utilization. So, if the target is to minimize N-excretions, compromised performance should be accepted. 

This performance drop will be more prominent as maximum retention capability (PAN-utilization) is achieved or 

exceeded.  
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Successful protein reduction is possible – An example: 22-37 d data in detail 

Fifteen data sets fall into the period between d 22 and d 37 (references see appendix). From these, some showed 

reasonable performance (Figure 7).  A couple of data sets or single treatments of these experiments were able to 

maintain ADG, FCR, and breast meat yield (BMY) at reduced CP levels and are considered best practice 

examples. 

Figure 6:  Responses on overall N-utilization (left) and potentially available N-utilization (right) of 1 to 21 d broilers to dietary  

CP-reduction compiled from 26 experiments. A body CP-content of 18.5%, an average amino acid digestibility of 90% and 

11% NPN were assumed. Commercially common dietary CP-levels were set at 20.5% to 23.0% (green corridor).  

 

From these data 4 experiments were particularly successful (Belloir et al. (2017, 2 trials), Van Harn et al. (2019), 

and Hilliar et al. (2019a)). Crude protein levels as low as 16.1% (Belloir et al., 2017, Study 2), 17.0 (Van Harn et 

al., 2019), 17.1 (Belloir et al., 2017, Study 1) and 17.4% (Hilliar et al. 2019a, treatment with Gly-supplementation) 

were tested. Except for Bezerra et al. (2016) and Kamran et al. (2008), all studies used male Ross genetics 

(Hernandez et al. (2012) female). Final productivity was rather high with 29 up to 42 kg body weight/sqm, thus 

suggesting that stress due to high stocking density did not interfere with performance. Moreover, reported final 

body weights were in the higher range. Interestingly, diets of all successful examples were pelleted which applies 

for most other studies except for Leitgeb et al. (2003) and Berres et al. (2010) in which mash diets were fed. No 

consistent relationship and correlation could be found with respect to use of enzymes or coccidiostats.  

Impact of individual amino acids and SID AA : SID Lys ratios 

With respect to the amino acid strategy it became obvious that – in contrast to the other reported studies – the 

successful trials used both L-Isoleucine and L-Arginine to balance the dietary amino acid profile. Use of the latter 

might be related to the use of wheat in the diets which contrasts with almost all other experiments (only 

Hernandez et al. (2012) which also used wheat but in combination with animal by-products).  

Arginine 

More importantly in this context is the SID Arg : SID Lys ratio which was at least 110% in the successful trials but 

lower in the other studies, particularly in the protein reduced treatments. Arginine is one of the key amino acids in 

protein reduction. Besides being a building block for protein synthesis, Arg serves other metabolic functions: 1) as 

a precursor for creatine formation which in turn is linked to energy metabolism (Wyss and Kaddurah-Daouk, 2000) 

and; 2) for nitric oxide which serves as a first barrier of defense in the immune system and  plays a role as 

vasomodulator (D’Mello, 2003). It should be noted that strong imbalances between Arg and Lys can be 

detrimental for efficient utilization of these amino acids as they compete for the same transporters through 

membranes (D’Mello, 2003).  

Branched chain amino acids  

Regarding the use of L-Ile for amino acid balancing, all successful trials and treatments realized at least a SID Ile 

: SID Lys ratio of 70% while others were lower. The absolute supply of SID Ile appeared of less importance than 
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the ratio to SID Lys as concentrations in feeds were rather variable and did not suggest a correlation to successful 

CP reduction. A similar conclusion can be drawn for SID Valine: only successful studies formulated for at least 

80% SID Val : SID Lys while SID Val levels in the feed were variable. SID Leu obviously did not play a decisive 

role and concentrations as well as ratios to SID Lys decreased with protein reduction. Also specific for the 

successful treatments was a SID Met+Cys : SID Lys ratio of at least 75%. 

Figure 7:  Responses on average daily gain (top left), feed conversion ratio (top right), breast meat yield (bottom left, only 8 studies  

reported data) and utilization of potentially available nitrogen (bottom right) of 22 to 37 d broilers to dietary CP-reduction 

compiled from 15 experiments. Daily gain and feed conversion benchmark were set at 88.7 g/d and 1.81 kg/kg (red line). 

Commercially common dietary CP-levels were set at 19.0% to 21.0% (green corridor). A body CP-content of 18.8%, an average 

amino acid digestibility of 90% and 11% NPN were assumed for N-utilization calculations.  

 

Glycine equivalents 

Glycine (Gly) and Gly equivalents (glycine + 0.714 serine) have been recently discussed in the context of 

adequate amino acid nutrition and, in particular, around protein reduction (Akinde, 2014a,b; Siegert et al., 2015). 

In fact, the experiment reported by Hilliar et al. (2019a) investigated the effects of supplemental Gly and 

demonstrated that Gly can be performance-limiting under low CP conditions. All successful protein reduction 

studies achieved at least a SID Glyequivalent : SID Lys ratio of 112% between d 22 to d 37. While other studies also 

met or even exceeded this ratio, other amino acids might have limited performance in those experiments. As Gly 

is difficult to balance without free Gly, Siegert et al. (2015), Hilliar et al. (2019b) and Belloir et al. (2017) proposed 

a concept to supplement extra Thr as Gly-precursor. Meanwhile, further research suggests that this precursor 

concept is ineffective (Hilliar et al., 2019c), even if enhanced supply of Thr at low CP is important per se. 

Accordingly, successful studies of this exercise achieved at least a SID Thr : SID Lys ratio of 64%. Most 

importantly, further protein reduction might require a higher SID Thr supply. As shown by recent research, 

especially at low protein levels, the Thr metabolism changes due to the reduced activity of Thr-dehydrogenase 

(Yuan et al., 2001; Lee et al., 2016). As Malinovsky (2018) outlined, Thr-dehydrogenase is the main pathway for 

Thr degradation and conversion to, for example, Gly which may explain why in low protein conditions, extra Thr 

supplementation does not work as Gly-precursor. A recent study at the University of Sydney suggested that 

performance of 14 to 35 d broilers was only maintained at a dietary CP of 16.4% (vs. the 20.5% control) when a 
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digestible Glyequivalent : dig. Lys ratio of 115% was provided concomitantly with a dig. Thr : dig. Lys of 75% (Figure 

8; Crystal et al., 2020).  

Figure 8:  Impact of supplementing L-Thr, Gly and L-Ser to a 16.5% crude protein diet fed to 14-35 d broilers (according to Crystal et al.,  

2020). Effects were not significant, however for body weight gain p = 0.08 (FCR: 0.38).  

 

Further observations 

Interestingly, CP reduction brings about important changes in terms of diet macro nutrients. The recalculated diet 

compositions of the studies included in the 22-37 d data set demonstrate that, whilst crude fibers, neutral and acid 

detergent fiber values remain rather unchanged, per percentage point of CP reduction (Figure 9): 1) content of N-

free extracts (NfE) increased by 1.78% (NfE (%) = -1.78*CP (%) + 88.68; r2= 0.77; P < 0.001); 2) starch content 

increased by 2.40% (Starch (%) = -2.40*CP (%) + 87.24; r2= 0.72; P < 0.001); 3) sugar content decreased by 

0.29% (Sugar (%) = 0.29*CP (%) – 2.09; r2= 0.70; P < 0.001); 4) ether extract values were reduced by 0.57% 

(Ether extract (%) = 0.57*CP (%) – 4.47; r2= 0.43; P < 0.001). 

Figure 9:  Relationship between nitrogen free extracts (NfE), starch, sugar and ether extract levels of diets used in protein reduction  

studies with 22 – 36 d broilers and crude protein. Nutrients were obtained by recalculating reported diets with linear 

programming using AMINODat 5.0 matrix values. Statistical details on the linear regression can be obtained in the text.  
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These changes impact bird’s physiology and affect energy supply. Crystal et al. (2020) also reported increasing 

dietary starch values along with dietary CP reduction which led to a shift of dietary starch:protein ratio from 1.81 to 

2.51 when CP was gradually reduced from 19.7 to 16.5 % in 14 to 35 d broilers. Moreover, starch:protein 

disappearance ratio (SPDR, g/bird/d) values increased significantly in the jejunum and ileum. At the same time, a 

linear relationship between the ileal SPDR and relative abdominal fat pad weight as well as a quadratic 

relationship to FCR was described. Indeed, Selle and Liu (2018) investigated SPDR changes caused by protein 

sources with different digestibilities and concluded that digestion kinetics should play a role in feed formulation in 

order to optimize AA and CP digestibility. The same authors state that “the relevance of starch and protein 

digestive dynamics will become increasingly apparent if the challenge of successfully developing low-protein diets 

is to be met in the future”.  Liu and Selle (2018) speculated that higher starch levels from corn in low CP diets 

spare AA from catabolism in the gut mucosa in favor of glucose catabolism to meet the gut energy requirement. 

So, starch from corn might have increased AA availability in birds offered low protein diets. This should be 

different in wheat-based diets where starch digestion kinetics differ due to the higher content of rapidly digestible 

starch and lower content of resistant starch. Similarly to Crystal et al. (2020), Figure 9 suggests that with 

decreasing dietary protein, starch:lipid ratio (SLR) increases. Liu et al. (2019) reported impaired growth 

performance with increasing SLR at constant metabolizable energy supply. Also, other low CP studies with 7 to 

35 d broilers reported increased FCR and abdominal fat pad particularly at SLR values > 10 (Chrystal et al., 2019, 

2020). Indeed, there might be the need to set a maximum threshold value for SLR. However, in the 

abovementioned studies SID Glyequivalent : SID Lys values fell well below 100%. In addition, with respect to the 

trials plotted in Figure 9, only diets by Hilliar et al. (2019a) clearly exceeded a SLR of 10. 

With respect to the 22-37 d data set, TNU as well as PAN-utilization increased with protein reduction in all included 

publications except for Kamran et al. (2008). However, the successful studies achieved a higher utilization than the other 

studies (Figure 7). 

Conclusion: Evaluation of successful low protein trials suggest that CP in diets for 22-37 d broilers can be reduced to 16-

17% without compromising growth performance. However, the following settings should be considered:  

SID Met+Cys : SID Lys ratio:  ≥ 75% 

SID Thr : SID Lys ratio:  ≥ 64% ➔ increase ratio to ≥70% under low protein conditions 

SID Val : SID Lys ratio:  ≥ 80% 

SID Ile : SID Lys ratio:  ≥ 70% 

SID Arg : SID Lys ratio:  ≥ 110% 

SID Glyequivalent:SID Lys ratio: ≥ 112% 

These findings refer to research mainly done with male broilers and intensive production conditions. 

Protein reduction over an entire production cycle 

Some of the reported protein reduction studies ran over an entire production cycle under a phase feeding 

program. As basis for comparison, performance parameters were related to the weighted average crude protein 

(WACP) level as proposed by Lemme et al. (2019a). Accordingly, the protein level of the overall consumed feed 

considering varying contributions of the subsequent feeding phases were calculated. 
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Figure 10: Average daily gain (top left), feed conversion ratio (top right), breast meat yield (bottom left) and utilization of potentially  

available nitrogen (bottom right) of broilers fed protein reduced diets over an entire production cycle. Daily gain and feed 

conversion benchmark were set at 68.0 g/d and 1.75 kg/kg indicating 40 d performance of as-hatched broilers according to 

Ross 308 performance objectives (2014, red line). Performance is plotted against the weighted average crude protein content 

(WACP) of consumed feed. Commercially common dietary WACP-levels were set at 19.0% to 21.0% (green corridor). A body 

CP-content of 18.8%, an average amino acid digestibility of 90% and 11% NPN were assumed for N-utilization calculations.  

 

𝑊𝐴𝐶𝑃 =
(Phase I: CP level feed (%) x FI (

g
bird

)) + (Phase II: … ) + ⋯ (Phase n: … )

Total feed intake cycle (
g

bird
)

 

From published studies, Lemme et al. (2019a), van Harn et al. (2019), Ullrich et al. (2018) and Hilliar et al. 

(2019a) can be considered best practice examples as they were able to achieve reasonable broiler performance 

at CP levels lower than commercial practice (Figure 10). In these studies, WACP between 18.2 (Hilliar et al., 

2019a) and 18.7 % (Lemme et al., 2019) were tested successfully in 3-4-phase feeding programs. Indeed, further 

WACP reduction to 17.9% by Lemme et al. (2019a) failed to maintain performance probably due to Glyequivalents 

being limiting, particularly in finisher feed. The same may apply to Ullrich et al. (2018) while Van Harn et al. (2019) 

balanced dietary Gly content with adding free Gly as did Hilliar et al. (2019). The lowest CP levels tested by 

Ullrich et al. (2018) showed reduced performance as did the lowest CP-treatment by Van Harn et al. (2019) – at 

least with respect to meat deposition. The study by Hilliar et al. (2019) demonstrated that the supply of Glyequivalents 

may play a crucial role as only with the addition of Gly performance was brought back to the level of the high-

protein control treatment (For details see Lemme et al. (2019a)). It is worth mentioning that PAN-utilization in 

successful treatments of Van Harn et al. (2019), Hilliar et al. (2019) and Ullrich et al. (2018) were well above 80% 

and, as speculated earlier, birds may have come close to their genetic potential. It is remarkable that the best 

practice examples achieved the highest PAN-utilization compared to the other data sets. 

Amino acid profiles applied in the successful treatments are shown in Table 1. It might be noted that diets fed by 

Hilliar et al. (2019) were fully balanced with free amino acids including L-phenylalanine or L-histidine and that in 

their experiment dig. Thr, dig. Arg, and dig. Glyequivalent to dig. Lys ratio did not exceed 65%, 105% and 105%, 

respectively.  
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While for practical application the assessment of low CP-strategy focuses on broiler growth performance, feed 

conversion ratio and meat deposition, other criteria are of growing relevance and start to be accounted for in the 

economic assessment. As comprehensively outlined by Lemme et al. (2019a) reduced N-excretions are gaining 

particular focus, as demonstrated by revised laws and regulations in Germany or China. In a nutshell, as soon as 

the N-output of a farm gets regulated, pressure will increase on the volume of produced live weight and dietary 

CP reduction as a means to optimize N utilization will become of high economic importance. This may even allow 

for compromising performance to a certain extent. Moreover, Lemme et al. (2019a), Van Harn et al. (2019), Ullrich 

et al. (2018), and Hernandez et al. (2012, 2013) reported important and economically-relevant changes such as: 

reduced water intake, reduced litter volume and improved (dryer) litter quality along with improved footpad health. 

Finally, protein reduction is also discussed as a supportive strategy for antibiotic free production – both through a 

direct influence on gut health and indirectly by an increase on litter dry matter and thus reduced risk of bacterial 

growth in the litter and subsequent reinfection. Liu et al. (2017) reported a reduction of necrotic enteritis scores (P 

< 0.05) in the small intestine when dietary CP was reduced from 22.5% to 20.5% in 1-21 d old broilers. They 

further reported that CP reduction lowered the presence of Clostridium perfringens (P < 0.001), a bacteria strain 

that, in the presence of certain predisposing factors leads to outbreaks of necrotic enteritis, and significantly 

increased the Lactobacilli population (P < 0.001). In another study the positive impact of protein reduction on 

leukocytes and, therefore, on the immune system was reported (Facts & Figures 15180). The reduction of 

soybean meal in feed is another aspect of CP reduction and arguably relates more to consumer perception rather 

than economics. Indeed, a WACP reduction of just 0.5% reduced the inclusion of soybean meal by 17% (Lemme 

et al., 2019b; Facts & Figures 15177).  

Meanwhile further broiler studies were completed in which protein was reduced without compromising broiler 

performance. One such trial evaluated the interaction between whole wheat blending and protein reduction under 

German feeding conditions. Besides successfully reducing dietary protein without compromising performance, the 

dry matter and N-content of litter was increased (P < 0.05), the litter volume and N-excretions were reduced (P < 

0.05) and the TNU increased to levels beyond 69% (PAN-utilization of > 85%; Lemme et al., 2019b; Facts & 

Figures 15177). Another trial carried out under commercial conditions using 2 * 210.000 broilers reported reduced 

water intake, improved footpad health and TNU and reduced N-excretion, while body weight development and 

feed conversion remained unaffected (Facts & Figures 15178).  

The listed minimum ratios to SID Lys were considered in all these successful experiments (Table 1). An additional 

recommendation is to be cautious with CP reduction in starter diets. Especially during the first days of live chicks 

require high density of an optimized nutrient profile. Any impairment of growth and development of (digestive) 

organs and health apparatus realized at this stage is very difficult – if not impossible – and expensive to 

compensate. In addition, the impact of starter feed on N-balance as well as overall feed cost is rather small 

compared to later phases.  
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Table 1:  Key information collected from successful treatments of protein reduction studies which ran over entire production cycles 

 Lemme et al. (2019a) Van Harn et al. 
(2019) 

Ullrich et al. (2018) Hilliar et al. (2019a) 

Phases 4 3 3 3 

Days of phase change 1-10-16-30-40 1-10-28-35 1-7-14-35 1-10-21-35 

WACP at lowest successful 
level 

18.7 % 18.5 % 18.3 % 18.2 %a 

CP at lowest successful 
level,  

22.1%, 19.8%, 19.0%, 
18.0% 

21.6%, 18.6%, 
17.6% 

20.2%, 18.6%, 
18.1% 

n.r.b, 19.9%, 17.4% 

Amino acid levels at 
successful levels 

    

Reported system: SID AAc AFD AA Total AA SID AA 

Lys 1.17, 1.08, 1.02, 0.93 1.15, 1.05, 0.99 1.24, 1.23, 11.3 n.r., 1.13, 1.02 

Ratios to Lys     

 Met+Cys:Lys 72, 73, 75, 76 74, 75, 76 77, 74, 77 d n.r., 73, 75 

 Thr:Lys 63, 64, 65, 66 65, 65, 65 66, 67, 69 n.r., 65, 65 

 Val:Lys 79, 80, 79, 80 80, 80, 80 80, 82, 80 n.r., 80, 80 

 Ile:Lys 68, 69, 70, 71 68, 70, 71 73, 73, 72 n.r., 69, 71 

 Arg:Lys 111, 110, 110, 120e 104, 114, 114 115, 115, 113 n.r., 104, 105 

 Glyequivalents:Lys 113, 113, 115, 123 119, 126, 127f -, -, - n.r., 105, 103 
a composition and performance during starter period not reported and thus overall WACP might be slightly higher  b not reported  c SID: 

standardized ileal digestible, AFD: apparent fecal digestible  d diet contained methionine hydroxy analogue which was considered with 65% 

biological efficiency e Arg in Lemme et al. (2019a) contains Arg activity of guanidino acetic acid f estimated assuming proportion of 45% Gly and 

55% Ser of reported dig. Gly+Ser (Glyequivalents=Gly + 0.714 * Ser) 

 

In summary 

The current literature survey indicates that a large number of published protein reduction studies contain methodological 

limitations which hinder a successful dietary protein reduction. In other words, many studies fail not only to maintain 

performance vs. the higher protein control but also to achieve a reasonable performance per se. The major flaw 

identified was the lack of phase feeding, in particular between d 1 to d 21. However, several successful studies can be 

considered best practice and adoption of the following amino acid profiles have potential for success: SID Met+Cys : SID 

Lys: ≥75%,  SID Thr : SID Lys: ≥64% (increasing ratio to ≥70% under low protein conditions might be meaningful), SID 

Val : SID Lys: ≥80%, SID Ile : SID Lys: ≥70%, SID Arg : SID Lys: ≥110%, and SID Glyequivalent : SID Lys: ≥112%. Dietary 

protein reduction improves N-utilization; however, in order to maximize N-utilization and thus minimize N-excretion, 

biological performance is compromised. Along with dietary protein reduction further benefits can be achieved, and these 

may have strong impact economic impact in certain regions/countries. 
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