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1 INTRODUCTION 

Poultry, such as turkeys and broiler chickens, are usually fed plant seed-based diets. 

These plant seeds contain a substantial amount of phosphorus (P) which is an essential 

macro nutrient. Between 60 %-80 % of this P is bound as phytate, a salt of phytic acid 

(myo-inositol hexakisphosphate [InsP6]). Phytate-bound P cannot be absorbed in the 

digestive tract. First, it needs to be enzymatically hydrolysed by phytases and other 

phosphatases. The released P can then be absorbed in the small intestine. 

Maize-based diets are very common in poultry production. However, maize and maize-

based diets are usually very low in intrinsic phytase activity. Chickens do have some 

endogenous phytase and phosphatase activity in the mucosa of their gut. However, this 

activity is not sufficient to hydrolyse enough P to cover their demand. Thus, current 

feeding recommendations are based on non-phytate P. This practice contributes to high 

levels of P excretion, as the phytate-P fraction represents P fed in excess of the 

requirement. This has potential implications for the environment, as high levels of P in 

the manure used as fertiliser can lead to eutrophication. Since the mid-90s of the last 

century, commercial phytases are available as feed additives. They are used to replace 

parts of the supplemented mineral P, as their inclusion leads to increased digestibility of 

phytate-bound P. This inclusion is done for economic reasons, as mineral P supplements 

are expensive. Additionally, this reduces P emissions as there is less excess P in the diets. 

In commercial diets, mineral P is not completely replaced by phytase supplementation. 

This is due to the fact that a precise prediction of phytate-P becoming available by a 

given phytase dose is not yet possible and thus, safety margins are included in the form 

of mineral P supplements. The same applies for feeding of turkeys but recommendations 

for P supply of turkeys are higher than those of broiler chickens. Also, less is known 

about endogenous capabilities for phytate degradation in turkeys compared to broiler 

chickens but the available data suggests lower capabilities. 

The aim of this thesis was to identify if different strategies are required in turkeys and 

broiler chickens to promote phytate degradation and plant-based P digestibility in order 
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to reduce non-renewable mineral P input and consequently improve P efficiency. In 

order to do so, it was necessary to find out if there are fundamental differences in 

phytate degradation in the digestive tract of turkeys and broiler chickens. The available 

literature on phytate degradation and P digestibility of maize-fed chickens was reviewed 

and known or suspected differences to other poultry species were discussed. Turkeys 

and broiler chickens of the same age were studied at the same time and place receiving 

the same experimental diets. To assess the influence of different, age-related maturity 

of growing birds, half of the animals underwent the trial during their 3rd week of life and 

the other half during their 6th week of life. The results of the entire work are discussed 

in this thesis.  
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2 BACKGROUND 

Inclusion of phosphate from non-renewable mined phosphate rock to poultry diets as a 

supplementary source of phosphorus (P) is a standard procedure in the poultry feed 

industry. The total P concentration in poultry diets might suggest it would be high 

enough to meet feeding recommendations without further P supplementation. 

However, a large proportion of this P is bound as phytate and thus, is unavailable for the 

animal prior to enzymatic hydrolysation by phytases and other phosphatases. Current 

text book knowledge states that non-ruminants, such as poultry, do not have sufficient 

phytase activity in their gut. Recent research showed that substantial phytate 

degradation can be achieved with endogenous phytase activity in chickens (Sommerfeld 

et al., 2019). However, this was not sufficient to achieve the same body weight as broiler 

chickens fed with supplemented mineral P. 

Plant intrinsic phytases can also contribute to phytate degradation and thus, can reduce 

the necessity to supplement P (Rodehutscord et al., 2022). When considering that one 

of the most widespread poultry feed ingredients worldwide is maize, which has very low 

intrinsic phytase activity (Rodehutscord et al., 2016), other phytase sources need to be 

considered. Exogenous microbial phytase is a well-studied feed additive and can 

improve P digestibility by poultry markedly (Rodehutscord et al., 2022). Within the past 

decades it became a standard ingredient in conventional feeds and is used to reduce P 

supplementation. But common inclusion rates of microbial phytase alone are not relied 

on to provide sufficient levels of digestible P and thus, P is still supplemented. The 

resulting oversupply of P, in conjunction with an oversupply of calcium (Ca), reduces the 

efficiency of the supplemented phytase (Tamim et al. 2004; Sommerfeld et al., 2018a). 

If the strategy would be changed to higher inclusion rates of phytase and omitting P 

supplementation, the applied phytase would be more efficient and P emissions via 

excreta would be reduced. 

In broiler chickens, a plethora of data on phytate degradation is available. More recent 

feeding recommendations (FEDNA, 2018) already mention the possibility to reduce P 
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supplementation depending of inclusion quantity and quality of phytases and give 

recommendations for total P, available P, and digestible P. But there are no specific 

recommendations on quantity of available or digestible P based on specific phytase 

inclusion levels. This is likely due to the complexity of phytate degradation and P 

digestibility, leading to large variation, even when testing the same feed (Rodehutscord 

et al., 2017). 

In other poultry species, less data is available on P digestibility compared to broiler 

chickens and data on phytate degradation is very limited. Using broiler chickens as 

model animal for other growing poultry, such as turkeys, would reduce the need of 

extensive studies in those species. However, differences in P digestibility and phytate 

degradation have been found between different poultry species, indicating species-

specific differences in phytate degradation and P absorption (Rodehutscord and 

Dieckmann, 2005; Ingelmann et al., 2019; Olukosi et al., 2020). Phytate degradation was 

studied in both broiler chickens and turkeys and was found to be much higher in broiler 

chickens than turkeys (Ingelmann et al., 2019; Olukosi et al., 2020). However, in those 

experiments species-specific experimental diets were used which were quite different, 

especially in traits affecting phytate degradation, such as dietary P and Ca 

concentrations. Thus, the effect that can be solely ascribed to species-specific 

differences remains unknown. 

Gut maturity and other age-related traits such as nutrient requirements and digesta 

passage time can also influence phytate degradation and P digestibility (Li et al., 2018). 

Turkeys and broiler chickens have different maturation rates (Zuidhof et al., 2014; 

Tůmová et al., 2020). When comparing turkeys and broiler chickens of the same age, 

they don’t necessarily have the same maturity. Thus, it is required to compare both 

species at several ages to assess the influence of maturity and to obtain information on 

general species differences. 

An understanding of species-specific similarities and differences in phytate degradation 

and P digestibility is required in order to appraise the feasibility of knowledge transfer 

from one poultry species to another. Or, if a knowledge transfer is not possible, how 
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different strategies for improved phytate degradation and P digestibility can be 

elaborated for the individual poultry species. 

A comprehensive review on how phytate-P from plant-based feed can contribute 

substantially to P supply of poultry when phytate is degraded and how this degradation 

of phytate can additionally benefit digestibility of other nutrients, such as minerals and 

amino acids (AA), is given by Rodehutscord et al. (2022). Maize is one of the most 

frequently used poultry feed components worldwide. As maize generally has very low 

intrinsic phytase activity (Rodehutscord et al., 2016) the challenge of utilising phytate-P 

in maize-based diets for poultry is pronounced. The first paper included in this doctoral 

thesis gives an overview about those challenges associated with maize-based poultry 

feeds and how phytate degradation and precaecal P digestibility can be affected 

differently in various poultry species (chapter 5.1). A conclusion of this review was that 

the vast majority of studies on phytate degradation and phosphorus digestibility was 

conducted with broiler chickens and comparatively little information is available for 

turkeys, economically the second most important poultry species. Further, there were 

indications of fundamental differences between broiler chickens and turkeys in respect 

to intestinal phytate degradation and P digestibility. Thus, 2 consecutive trials were 

designed to study these differences and to evaluate to which extent knowledge from 

broiler chickens could be transferred to turkeys. Effects of phytase supplementation and 

dietary Ca and P level on precaecal InsP6 disappearance, phytate degradation products 

in the digestive tract, nutrient digestibility, and growth performance were studied. To 

assess influence of physiological differences between turkeys and broiler chickens, 

endogenous mucosal phosphatase activity, digesta pH, and length of sections of the 

small intestine were also investigated. 

  



- 6 - 
 

3 GENERAL AIM AND OVERVIEW OF INCLUDED STUDIES 

The intention of this doctoral thesis was to gain a better understanding of fundamental 

drivers of phytate degradation in the poultry gut, in order to identify possibilities and 

limitations of applying knowledge about one poultry species to another. 

Phytate degradation in the digestive tract of broiler chickens and turkeys fed maize-

based diets has been previously studied at the University of Hohenheim and other 

places. The results clearly showed higher phytate degradation in broiler chickens than 

turkeys (Ingelmann et al., 2019). These findings were in line with later results presented 

by another group working on this subject (Olukosi et al., 2020). However, it remained 

unclear which species-specific traits were responsible for these observations and to 

what extent dietary differences between broiler chicken and turkeys affected the 

results. Further, Sommerfeld et al. (2019) hypothesised that in broiler chickens, 

endogenous mucosal phosphatases, including phytase, can substantially contribute to 

phytate degradation. This was based on up to 42 % of precaecal InsP6 disappearance 

observed in gnotobiotic broilers fed diets with very low intrinsic phytase activity. 
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4 GENERAL DISCUSSION 

Phytate degradation in broiler chickens is much higher than in turkeys, if both species 

are fed according to their respective feeding recommendations (Ingelmann et al., 2019; 

Olukosi et al. 2020). The aim of this thesis was to investigate the reasons for these 

observed differences. A second aim was to asses to what extent knowledge of the large 

pool of information on phytate degradation and phosphorus digestibility in chickens can 

be transferred to turkeys. Dietary effects such as different Ca and P levels and species-

specific traits like digesta pH, jejunal mucosal phosphatase activity, and length of 

digestive tract sections were investigated and are discussed in this chapter. As growing 

animals with different maturation rates were compared, turkeys and broiler chickens 

were studied in 2 age groups to estimate the influence of different gut maturity. 

4.1 Methodological considerations 

Experimental procedures for the assessment of digestible P were standardised by WPSA 

(2013). However, results for digestible P can differ markedly, even when the same diet 

is studied (Rodehutscord et al., 2017). Thus, when comparing precaecal P digestibility 

and InsP6 disappearance between different studies, the focus was put on similarities and 

differences of treatment effects, rather than absolute values of P digestibility and InsP6 

disappearance. In the presented experiments, conditions for sampling, sample 

preparation, sample analysis, and conditions during the experimental phase were 

identical for broiler chickens and turkeys of one age group and almost identical between 

age groups (diet composition was adjusted for the age but feed components from the 

same lots were used). Therefore, comparability of results obtained for species of one 

age group was given, and deemed justifiable when comparing the two age groups. 

Age or age-related development of the digestive tract might influence phytate 

degradation (Li et al., 2018). As turkeys and broiler chickens develop at different 

maturation rates (Zuidhof et al., 2014; Tůmová et al., 2020), it is likely that the digestive 

tracts were in different developmental stages at the investigated ages. Thus, it has to be 

emphasised that the interpretation of the data should be limited to the investigated 
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timespan between the 3rd and 6th week post hatch. Identified similarities and differences 

between the species within this timespan should not be extrapolated as being valid for 

similarities and differences of the compared species in general, until proven by future 

studies. 

In the group of Prof. Dr. Rodehutscord, a frequently applied protocol detail in broiler 

chicken studies on phytate degradation is to withdraw feed 2 h before the birds are 

sacrificed with subsequent provision of feed 1 h prior to sacrificing. This is done to 

standardise fill of the digestive tract. This protocol was applied in the studies described 

in chapters 5.2 and 5.3. However, turkeys might react differently to this treatment than 

broiler chickens. Thus, an inter-species standardisation might not have been achieved. 

As size of mucosa samples was limited, phosphatase activity of the jejunal brush border 

membranes (BBM) was measured in duplicates with a single blind value per individuum. 

As deviations of the 2 measurements from the mean were below 5 %, results were 

deemed acceptable. Due to the enrichment of BBM in mucosa samples, phosphatase 

activity was attributed to originate from the tissue of the bird. However, presence of 

phosphatases originating from BBM-bound microorganisms could not be ruled out 

entirely. 

Application of BBM samples to the phosphatase activity assay was set to contain 160 µg 

of BBM protein according to the established protocol. At 21 d of age, BBM samples of 

treatments with high dietary P and Ca concentrations showed higher protein 

concentrations than BBM samples of low-P and low-Ca level treatments (P = 0.020, data 

not shown). This could have been caused by a higher density of P transporters in the 

tissue, as Huber et al. (2015) hypothesised that differences in P amount in the lumen of 

the small intestine might cause modulation of P transporters. In the hypothesised case 

of a modulation of P transporters, the application rate of BBM to the assay would have 

been reduced compared to the other treatments. In turn, this could have led to the 

lower phosphatase activity observed in those samples. However, at 42 d of age, an effect 

of P and Ca level on protein concentration in BBM samples was not observed, but the 

effect of P and Ca level on mucosal phosphatase activity was present nonetheless. Yet, 
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a correction for different protein concentrations of BBM samples between treatments 

would be desirable. Establishing such correction factors would require dedicated 

experiments and should be considered in future research on this matter. 

4.2 Effects on phytate degradation 

Phytate can be degraded by acidic hydrolysis, thermal decomposition, and enzymatic 

hydrolysation. Phytate degradation in the digestive tract of animals is always associated 

with the latter, as acid concentrations and thermal conditions associated with the 

former (March et al., 1998) cannot occur in healthy animals. In this thesis, the activity of 

phytases and phosphatases is generally defined as the amount of phosphate that can be 

hydrolysed per minute. Thus, if a factor reduces the substrate accessibility of 

phosphatases, for example by precipitating the substrate, this will lead to a decrease of 

phosphate hydrolysed per minute. Per definition, this will be termed as a reduction in 

phytase activity, even though the enzyme might not be affected directly. 

4.2.1 Diet composition 

Previous studies demonstrated that an increase in dietary Ca and P concentration led to 

a decrease of phytate degradation in chickens (Tamim et al., 2004; Sommerfeld et al., 

2018a). Results of the present work show that this is also true for turkeys when dietary 

Ca and P concentrations were increased. Individual effects of P and Ca supplementations 

were not studied in the present work, but they appear likely to occur when considering 

the causative mechanisms that have been discussed for these effects in broiler studies. 

As for P, an end-product inhibition by phosphate of the phosphatases involved in 

phytate degradation has been discussed (Greiner et al., 1993; Angel et al., 2002; Olukosi 

and Fru-Nji, 2014; Zeller et al., 2015; Sommerfeld et al., 2018a). This means that 

phosphate, one of the end-products of phytate dephosphorylation, either competes 

with the substrate for the active site, or non-competitively binds to another site of the 

enzyme thus reducing the catalytic capability of the enzyme. However, the latter 

mechanism doesn’t appear to be present in supplemented microbial phytases, as they 

only have one active site (Menezes-Blackburn et al., 2022). 
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In the case of Ca, it has been shown that it can form potentially insoluble Ca-phytate 

chelates (Cheryan and Rackis, 1980). Maenz et al. (1999) have demonstrated that this 

can cause inhibition of microbial phytase activity due to substrate inaccessibility. This 

does not necessarily change the mode of action of the enzyme. But as phytase activity 

is defined as the amount of hydrolysed phosphate per time, substrate inaccessibility will 

reduce phytase activity per definition. 

These underlying mechanisms of concentration-dependent inhibitory effects of P and 

Ca are likely to be the same for turkeys, broiler chickens, and in vitro assays. They can 

explain different phytate degradation rates by turkeys and broiler chickens fed diets 

with different dietary P and Ca concentrations, which have been reported by Ingelmann 

et al. (2019) and Olukosi et al. (2020). They could also explain differences in turkeys and 

broiler chickens fed identical diets with the same dietary P and Ca concentrations, as 

seen in the trials presented in this doctoral thesis. Here, ileal P and Ca concentrations 

were lower in turkeys than in broiler chickens, potentially caused by higher P and Ca 

absorption capabilities of turkeys compared to broiler chickens. Hypothetically, this 

could have led to lower P and Ca concentrations in the small intestine and consequently 

to lower inhibitory effects on small intestinal phytate degradation in turkeys compared 

to broilers. Further, Maenz et al. (1999) showed that the required Ca concentration to 

effectively inhibit phytase activity was pH dependent, with a critical point between pH 

5 and pH 6. In detail, at pH 5 a concentration of 125 mM CaCl2 did not result in any 

reduction of phytase activity compared to 0 mM CaCl2 and 500 mM CaCl2 led to a 

reduction of phytase activity of about 15 %. In contrast, at pH 6, a concentration of 25 

mM CaCl2 had the same reducing effect as 125 mM CaCl2 at pH 5. At a concentration of 

100 mM CaCl2 and pH 6, phytase activity dropped to almost 0. At pH 7.5 even 5 mM 

CaCl2 sufficed to reduce phytase activity to almost 0. The measured pH differences in 

turkeys and broiler chickens were small, but within that critical range. Thus, small 

differences could potentially have a substantial effect. 

High dietary P and Ca levels did not affect phytate degradation in the crop in the trials 

presented in this doctoral thesis. Similarly, Sommerfeld et al. (2018a) reported no effect 
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of dietary P or Ca level on phytate degradation in the crop. Possibly this is because pH 

in the crop was low enough to not show a measurable phytase activity inhibition by Ca. 

Inhibitory effects of high P and Ca concentrations on phytate degradation have been 

shown for commercial microbial phytases. Given the nature of the mechanisms 

described for commercial microbial phytases, it appears very likely that endogenous 

mucosal phytate-degrading enzymes are affected similarly. For instance, Maenz and 

Classen (1998) reported an inhibitory effect of Zn on endogenous mucosal phytase 

activity of chickens, which was thought to be caused by formation of a mineral-phytate 

complex similar to the ones that were reported to inhibit microbial phytase (Maenz et 

al., 1999). This is supported by results from Sommerfeld et al. (2019), where gnotobiotic 

broilers fed diets with low phytase activity showed only 17 % precaecal InsP6 

disappearance when dietary P and Ca concentrations were high, whereas precaecal 

InsP6 disappearance was 42 % when dietary P and Ca concentrations were low. In 

conventional broilers fed diets with low phytase activity, Tamim et al. (2004) and 

Sommerfeld et al. (2018a) also showed inhibitory effects on precaecal InsP6 

disappearance of high dietary Ca concentrations and high dietary Ca, as well as high 

dietary P concentrations, respectively. 

Other than phytate solubility, pH can also affect phytase activity because phytases have 

specific pH optima where they hydrolyse the most substrate per minute. Optima of 

commercial microbial phytases are well studied (Menezes-Blackburn et al., 2015; 

Menezes-Blackburn et al., 2022) and are typically in the neutral to slightly acidic range. 

Endogenous mucosal phytate-degrading enzymes of chickens have also been studied in 

that regard. This topic is discussed in more detail in section 4.2.2. 

4.2.2 Drinking water 

Drinking water and drinking behaviour could potentially affect Ca intake and pH in the 

crop. As water intake was not measured during the experiment of this study, Ca intake 

via drinking water can only be estimated. The water provided to the animals during the 

experiments contained 50 mg Ca/l (Zweckverband Bodensee-Wasserversorgung, 2020). 

This is considered a medium Ca concentration. When assuming an average daily intake 
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of 140 ml per broiler chicken (as suggested by data provided by the breeder), average 

daily Ca intake via drinking water for broiler chickens would have been 7 mg/d and 

corresponded to 0.6 % - 1.5 % of average daily Ca intake via feed. If drinking water with 

a high Ca content of 140 mg/l would have been employed, the calculated average daily 

Ca intake via drinking water would have been 20 mg/d or 1.6 % - 4.2 % of average daily 

Ca intake via feed. In relation to the differences of dietary treatments, where Ca intake 

via feed was about 125 % higher in CaP+ compared to CaP-, Ca intake from drinking 

water was minimal. Within the studies presented in chapter 5.2 and 5.3 drinking water 

was no factor as the same water was used in all treatments. However, a general effect 

of Ca concentration in drinking water on phytate degradation cannot be ruled out and 

requires further research. For turkeys, the author could not find any reliable data on 

water intake. 

It should be considered that differences in pH and buffering capacity of drinking water 

could affect pH of digesta and consequently phytate degradation. Also, different 

drinking behaviour of turkeys and broiler chickens, indicated by different moisture 

content of the crop (discussed in chapter 5.3), could influence crop pH. This is 

demonstrated by a small-scale in vitro trial that was conducted in addition to the studies 

presented in this thesis (Table 1), where water from different sources was used to 

moisturise feed. The author is unaware of any study that investigated the influence of 

drinking water pH on digesta pH in the digestive tract of poultry. It is unlikely that 

drinking water characteristics alone were responsible for the large inter-study variation 

of phytate degradation described in chapter 2. In the present comparison of turkeys and 

broiler chickens, different water intake behaviour of the 2 species could explain the 

observed differences in dry matter content of crop digesta. This might also affect crop 

digesta pH. This hypothesis requires experimental confirmation. 
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Table 1. Influence of water source, moisture, and Ca and P level in feed (CaP) on feed 
pH. 

water bidest1   

40% moisture* CaP- 6.55c 

 CaP+ 5.97e 

60% moisture CaP- 6.61bc 

 CaP+ 5.95e 

water medium2   

40% moisture CaP- 6.67b 

 CaP+ 5.88f 

60% moisture CaP- 6.65b 

 CaP+ 5.95e 

water hard3   

40% moisture CaP- 6.74a 

 CaP+ 5.96e 

60% moisture CaP- 6.77a 

 CaP+ 6.07d 

SEM  0.022 

P-values   

water type  < 0.001 

moisture  0.005 

feed  < 0.001 

water type × moisture  0.287 

water type × feed  < 0.001 

Moisture × feed  0.318 

water type × moisture × feed  0.023 
1water is from the same source as “water medium” but bi-distilled; pH 5.28, 22°C. 
2water is from Lake of Constance. Dissolved substances and hardness according to 

provider: 50 mg Ca/l; 8.5 mg Mg/l; hardness: 7.17°dH. Measured pH 7.79, 22°C. 
3water is from Radolfzell core city water supply. Dissolved substances and hardness 

according to provider:  113 mg Ca/l; 30.1 mg Mg/l; hardness: 22.8°dH. Measured pH 

7.45, 22°C. 

*Moisture of 40 % was achieved by adding 3 ml water of the respective source to 4.5 g 

of the respective dried feed. It resembles the moisture content measured in the crop 

digesta of turkeys. 

Moisture of 60 % was achieved by adding 3 ml water of the respective source to 2 g of 

the respective dried feed. It resembles the moisture content measured in the crop 

digesta of broiler chickens. 
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4.2.3 Exogenous and endogenous phytases and other phosphatases 

When studying InsP6 disappearance in vivo, several possible sources of phytase have to 

be considered. These sources can be plant intrinsic, endogenous microbial, endogenous 

mucosal, or exogenous microbial. Phosphatases other than phytases have to be 

considered additionally.  

4.2.3.1 Plant intrinsic phytases 

Generally, heat tolerance of plant intrinsic phytases is low, and they lose a considerable 

amount of their activity after feed processing steps such as extrusion and pelleting 

(Rodehutscord et al., 2022). They are also susceptible to low pH and proteolytic enzymes 

in the stomach (Phillippy, 1999). As indicated by Ingelmann et al. (2019) and the results 

presented in this doctoral thesis, phytate degradation in the crop is less in young turkeys 

than broiler chickens. This might be due to less favourable conditions for phytase 

activity, such as higher pH and lower water content, and shorter retention time. The 

latter requires sophisticated studies, as current knowledge about retention times is 

limited. With maize as a main feed component there is an additional challenge, as maize 

generally has very low intrinsic phytase activity (Rodehutscord et al., 2016). As maize is 

one of the most used ingredients for poultry feed worldwide, other strategies for 

phytate degradation are required. 

4.2.3.2 Exogenous microbial phytase 

Microbial phytases can be engineered to withstand high temperatures during pelleting 

and proteolytic enzymes in the stomach. Inclusion rate is practically only limited by cost. 

However, due to legislations, they cannot be used in organic farming. Via genetic 

engineering, they can also be produced by plants (Ma et al., 2019), or even animals 

(Golovan et al., 2001). In practise, this is not relevant due to legislation and customer 

preferences on most markets. 

In the digestive tract of chicken, the crop is the main site of activity for exogenous 

microbial phytases (Classen et al., 2016; Zeller et al., 2016). In turkeys, concentrations 

of InsP6 in the crop was unaffected by supplemented microbial phytase in 3-week-old 
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birds (chapter 5.2, Table 4) and only slightly lower compared to treatments without 

supplemented microbial phytase in 6-week-old birds (chapter 5.3, Table 4). Thus, in 

turkeys the main site of exogenous microbial phytase activity is most likely in a more 

posterior part of the digestive tract. Detailed information on flow dynamics though the 

digestive tract would be beneficial for a better understanding of phytase activity and 

phytate degradation along the digestive tract. This applies for all phosphatases 

discussed in chapter 4.2.3. Sharma et al. (2023) propose using location aware 

microdevices for monitoring gastrointestinal dynamics. The method used by the authors 

showed promising results in pigs. But it is unclear if the microdevice passes though the 

digestive tract in similar fashion as the targeted dietary components. The current 

microdevice’s size of approximately 1 cm might be to large for application in poultry and 

might be retained in the gizzard. 

4.2.3.3 Endogenous microbial phytase 

Compared to the targeted application of exogenous microbial phytase, knowledge 

about quality and quantity of endogenous microbial phytases and phosphatases is 

limited. In caeca, the microbial community is very divers (Witzig et al. 2015) and shows 

high phytase activity and phytate degradation (Dersjant-Li et al., 2015; Zeller et al., 

2015). However, contribution to P digestibility via phytate degradation in the hindgut is 

thought to be very limited, as there is no data that indicates substantial P absorption in 

the hindgut. 

4.2.3.4 Endogenous mucosal phytase/phosphatase 

Endogenous mucosal phytase activity has been studied at least since the 1950s. 

Steenbock et al. (1953) detected phytase activity in the gut of chicken. However, phytase 

activity in the digestive tract of chicken was considered insufficient and feeding 

recommendations focused on supply with non-phytate P (NRC, 1994; GfE, 1999). In 

recent years however, it has been hypothesised that endogenous mucosal phytase 

activity can cause substantial precaecal InsP6 disappearance in broilers fed low-P diets, 

based on substantial precaecal InsP6 disappearance of gnotobiotic broiler chickens 

(Sommerfeld et al., 2019). 
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It is indicated that the full potential of endogenous mucosal phytase activity can only be 

assessed when feeding diets without mineral P supplementation, as P supplementation 

could impair endogenous mucosal phytase activity in two ways. First, endogenous 

mucosal phytase activity could also be reduced by supplemented P via end-product 

inhibition, the mechanism described in chapter 4.2.1. Second, Onyango et al. (2006) and 

Huber et al. (2015) hypothesised that dietary P supplementation could lead to a 

downregulation of phytase expression by the brush border membrane. This could lead 

to lower overall phytase activity in the small intestine. This hypothesis could partly be 

supported by the findings of the present studies (chapters 5.2 and 5.3). In 6-wk-old 

turkeys and broiler chickens, there was a significant decrease in endogenous mucosal 

phytase and phosphatase activity when P was supplemented in the feed, compared to 

un-supplemented feed (P = 0.034, Figure 1). Whereas in 3-wk-old turkeys and broiler 

chickens, endogenous mucosal phytase and phosphatase activity was only numerically 

lower when P was supplemented in the feed, compared to un-supplemented (P = 0.104, 

Figure 1). 

 

Figure 1. Effects of species, age, and phytase (PHY) supplementation on endogenous 
mucosal phosphatase activity measured in brush border membrane enriched mucosa 
(BBM) in the jejunum of 21 d old and 42 d old turkeys and broiler chickens. Data from 
chapters 5.2 and 5.3. 

In the literature, dephosphorylating enzymes in the intestinal mucosa are often 

separated into two categories. The first category being “phytase” which requires the 

ability to dephosphorylate InsP6 and pH optima for activity were described being in the 
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neutral to slightly acidic range (Davies et al., 1970; Maenz and Classen, 1998; Menezes-

Blackburn et al., 2022). The second category being “alkaline phosphatases” where 

enzymes are capable to dephosphorylate other chemical compounds but InsP6. In 

contrast to phytase, pH optima of those phosphatases were reported to be between pH 

9.3 (Motzok, 1950) and pH 11 (Maenz and Classen, 1998) hence, the categorisation as 

“alkaline” phosphatases. However, Davies and Motzok (1972) reported that the pH 

optimum of those phosphatases was influenced by the type and concentration of 

substrate used for dephosphorylation. This could explain the discrepancy in pH optima 

as Motzok (1950) employed Na-glycerophosphate and Maenz and Classen (1998) used 

para-nitrophenolphosphate for their assays. To the author’s knowledge there is no 

study on pH optimum of non-phytase-phosphatase activity using degradation products 

of phytate, e.g. lower inositol phosphates, as substrate. However, the substrate 

dependency of pH optimum of mucosal phosphatases described by Davies and Motzok 

(1972) implies that this is worth to be studied. Consequently, the common 

differentiation between acidic phytases and alkaline phosphatases of the gut mucosa 

might be an artefact of the substrates employed for determination of non-phytase-

phosphatase activity. Generally, endogenous mucosal non-phytase phosphatase activity 

should be measured using lower inositol phosphates as substrate, as the ability to 

dephosphorylate those chemical compounds is of interest. Whether or not phytase and 

phosphatase activity, originating from gut mucosa, can be differentiated without 

purification of the respective enzymes, is debatable. In chicken small intestine, Maenz 

and Classen (1998) found highest activities of mucosal phytase in the duodenum and a 

gradual decrease in activity along the small intestine with lowest activity in the ileum. 

Kriseldi et al. (2021a) reported lowest concentration of intestinal alkaline phosphatase 

(determined using an ELISA-kit) in the duodenum of broiler chickens and gradually 

increasing concentrations along the small intestine with highest concentration in the 

ileum. This suggests that the small intestine of chicken is adapted for phytate 

degradation, as the proximal part appears to be optimised for the first steps and the 

distal part for the further steps of phytate degradation. This would also imply that it is 

very important to consider the whole small intestine when assessing the possible 
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contribution of intestinal dephosphorylating enzymes to phytate degradation. Further 

characterisation of the mucosal enzymes, like Km, vmax, and resulting degradation 

products, is very desirable. 

It has been discussed that endogenous mucosal phytase of chickens might be in part a 

5-phytase (Sommerfeld et al., 2019; Rodehutscord et al., 2022), as in gnotobiotic broiler 

chickens fed diets with no measurable Ins(1,2,3,4,6)P5 concentration, nor intrinsic 

phytase activity, Ins(1,2,3,4,6)P5 was found in the terminal ileum. Ingelmann et al. (2019) 

also found considerable concentrations of Ins(1,2,3,4,6)P5 in the terminal ileum of 

broiler chickens and turkeys fed diets without phytase supplementation and with 

Ins(1,2,3,4,6)P5 below the limit of quantification. In the experiments presented in this 

doctoral thesis, Ins(1,2,3,4,6)P5 in the terminal ileum was found at the same 

concentration in 3-week old broiler chickens and turkeys fed diets without phytase 

supplementation and with Ins(1,2,3,4,6)P5 in the feed below the limit of quantification. 

At this age, broiler chickens and turkeys also showed the same extent of mucosal 

phosphatase activity in the jejunum (chapter 5.2, Table 3). Interestingly, 6-week old 

turkeys, fed diets without phytase supplementation and with Ins(1,2,3,4,6)P5 in the feed 

below the limit of quantification, showed higher extent of mucosal phosphatase activity 

in the jejunum than broiler chickens of the same age fed the same diets, but had lower 

Ins(1,2,3,4,6)P5 concentrations in the terminal ileum (chapter 5.3, Table 3, Table 6). This 

indicates that turkeys possibly also have endogenous mucosal 5-phytases, but it also 

indicates that turkeys and broiler chickens might have a different composition of various 

types of endogenous mucosal phosphatases. 

4.3 Myo-inositol 

The role in the metabolism of myo-inositol, the final product of phytate degradation, is 

complex (Huber, 2016; Gonzalez-Uarquin et al., 2020). Dietary myo-inositol has been 

studied in many different species and was reported to influence lipid metabolism, bone 

formation, skeletal muscle metabolism, reproductive system, peripheral nerve function, 

and central nerve system (Gonzalez-Uarquin et al., 2020). Generally, the mode of action 

is not yet fully understood and frequently data on the effect of dietary myo-inositol is 
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inconsistent (Gonzalez-Uarquin et al., 2020). In a similar fashion, dietary myo-inositol in 

chicken has been attributed to increased weight gain under certain conditions (Żyła et 

al., 2004; Pirgozliev et al., 2007; Żyła et al., 2013) or decreased feed intake per weight 

gain (Cowieson et al., 2013; Sommerfeld et al., 2018b). However, other studies could 

not confirm such effects of dietary myo-inositol. At any rate, explanations given for 

effects of dietary myo-inositol on chicken performance were speculative and could not 

be substantiated yet. 

An observation that has been made by all studies reviewed by the author, is that an 

increase in myo-inositol concentration in the digestive tract coincided with an increase 

in myo-inositol concentration in the blood of chickens (Sommerfeld et al., 2018a; 

Sommerfeld et al., 2018b; Pirgozliev et al., 2019; Whitfield et al., 2022). In the studies 

included in this work (chapter 5.2 and 5.3), the same coincidence of increased myo-

inositol concentrations in the blood plasma and myo-inositol concentration in the ileum 

of both turkeys and broiler chickens was observed. The slope of the regression line was 

much higher in turkeys than in broiler chickens, both at d 21 and d 42 (Figure 2). Hence, 

increased plasma myo-inositol concentrations in turkeys and broiler chickens were most 

likely due to an increased absorption of phytate-released myo-inositol from the 

intestine. When plotting myo-inositol concentration in blood plasma against precaecal 

InsP6 disappearance, inclination of regression line is, once again, greater for data of 

turkeys than that of broiler chickens (Figure 3). This could mean that a larger proportion 

of phytate, where the first degradation step has taken place, was completely 

dephosphorylated in turkeys than in broiler chickens. Or it could mean that absorption 

of phytate-released myo-inositol was more efficient in turkeys than broiler chickens. A 

combination of both explanations could also be possible. 

Dietary myo-inositol supplementation and high inclusion rates of phytase to the diets 

appear to lead to a higher myo-inositol absorption in chickens and turkeys than without 

these dietary interventions. Also, the magnitude of this increased absorption might be 
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greater in turkeys than broiler chickens. However, the effects of higher myo-inositol 

absorption are unknown and require further detailed research. 

 

Figure 2. Myo-inositol concentration in blood and ileum digesta (per g TiO2) of turkeys 
and broiler chickens at 21 d of age (a) and 42 d of age (b). Linear regression turkeys d 21: 
y = 0.89 x + 0.13, r2 = 0.53. Linear regression broiler chickens d 21: y = 0.08 x + 0.20, 
r2 = 0.69. Linear regression turkeys d 42: y = 1.95 x + 0.12, r2 = 0.69. Linear regression 
broiler chickens d 42: y = 0.15 x + 0.22, r2 = 0.69. From chapters 5.2 and 5.3. 

 

Figure 3. Myo-inositol concentration in blood and precaecal InsP6 disappearance in 
turkeys and broiler chickens at 21 d of age (a) and 42 d of age (b). Linear regression 
turkeys d 21: y = 0.0039 x + 0.16, r2 = 0.61. Linear regression broiler chickens d 21: 
y = 0.0015 x + 0.20, r2 = 0.72. Linear regression turkeys d 42: y = 0.0036 x + 0.13, 
r2 = 0.67. Linear regression broiler chickens d 42: y = 0.0018 x + 0.21, r2 = 0.68. Data 
from chapters 5.2 and 5.3 
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4.4 Amino acid digestibility 

As described in chapter 5.2, the increase in AA digestibility caused by phytase 

supplementation in broilers was only significant when the P and Ca level of the diet was 

low (in 9 out of 17 analysed AA). When considering differences which tended to be 

significant (P < 0.100, data not shown), precaecal digestibility of 14 out of 17 AA was 

increased by phytase supplementation in broilers fed low-P and low-Ca diets. In broilers 

fed with high dietary P and Ca levels, precaecal digestibility was increased in 3 out of 17 

AA by phytase supplementation. Considering numerical differences, precaecal AA 

digestibility in broilers was always increased by supplemented phytase. This indicates 

that there might have been an increase in precaecal AA digestibility by phytase 

supplementation in broilers fed high-P and high-Ca diets, albeit this increase must have 

been much smaller than in low-P and low-Ca diets. 

In turkeys, digestibility was reduced in 15 out of 17 AA when considering differences 

which tended to be significant (P < 0.100, data not shown), when fed low-P and low-Ca 

diets, and increased in all AA when turkeys were fed high-P and high-Ca diets. This 

corroborates a general effect of phytase supplementation on digestibility of all AA, 

depending on species and dietary P and Ca level. 

In chapter 5.2, a shorter retention time due to a relatively shorter small intestine was 

hypothesised as an explanation for the lower precaecal AA digestibility in turkeys fed 

low-P and low-Ca diets with phytase supplementation compared to turkeys fed low-P 

and low-Ca diets without phytase supplementation. These considerations were based 

on observed differences in length of the mall intestine and are therefore only vague 

estimates. This emphasises how important reliable data on retention time is for a better 

understanding of effects of phytate degradation on digestibility of other nutrients. The 

method by Sharma et al. (2023) mentioned in chapter 4.2.3.2 using ingestible 

microdevices to monitor gastrointestinal dynamics could potentially developed further 

to elucidate flow dynamics in the digestive tract of poultry. 
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4.5 Strategies to increase phytate degradation 

Generally, more studies on phytase efficiency with low-Ca diets and without mineral P 

supplementation are required in order to reliably predict minimum required phytase 

activity for any given diet composition. More data on phytate degradation and P 

digestibility of older animals, especially turkeys, are required. Here, the potential to 

improve P efficiency is greatest. As requirement for dietary P concentration is generally 

lower, omitting supplementation of mineral P is easier to achieve. Due to the much 

larger feed intake of older birds, this would have a considerable impact on the total P 

employed for a given fattening period and consequently on the P emissions of said 

period (Rodehutscord et al., 2003). 

The strategy of dietary supplementation of phosphate releasing enzymes could be 

improved further. As elaborated in chapter 4.2.3.2, the main site of exogenous microbial 

phytase activity in the digestive tract appears to be different for broiler chickens and 

turkeys. This could have implications for desirable traits of the employed phytases. For 

example, a different pH range of high activity might be required in turkeys compared to 

broiler chickens. This aspect would require dedicated attention. 

The characteristic of exogenous microbial 6-phytases to lead to an accumulation of 

Ins(1,2,5,6)P4 in the small intestine is well documented in chickens (chapter 5.2) and also 

documented in turkeys (Olukosi et al., 2020; chapter 5.2, Table 6; chapter 5.3, Table 6). 

Combined supplementation of multiple phytases to facilitate a higher degree of phytate 

degradation has been tried (Ennis et al., 2020) but without satisfactory success. A more 

promising strategy would be to develop and produce phosphatases specialised on 

dephosphorylating lower inositol phosphates and employ those in combination with 

exogenous microbial phytases. This would be very laborious and arguably it would be 

more cost effective to increase phytase supplementation as Kriseldi et al. (2021b) 

showed that phytase activities of 4500 FTU/kg and more can also solve this issue. 

For production systems were exogenous microbial phytases cannot be employed (for 

example in organic poultry production in the European Union) an approach to improve 

digestibility of plant-based P would be a breeding program for poultry strains with 
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extraordinary high endogenous mucosal phytase and phosphatase activity. Research on 

breeding for P use efficiency has already been conducted (Zhang et al., 2003; de Verdal 

et al., 2011; Beck et al., 2014; Beck et al., 2016; Ponsuksili et al., 2021) but focusing on P 

use efficiency, a very general trait influenced by many factors, might be the reason why 

heritability was not high. Focusing at first on a more specific trait like intestinal phytase 

and phosphatase activity might be beneficial. 

 

4.6 Conclusions 

Generally, phytate degradation in turkeys and broiler chicken appears to be subjected 

to the same effectors. Thus, fundamental findings, such as the inhibitory effect of high 

P and Ca supplementation on phytate degradation can be assumed to be valid across 

species. However, phytate degradation in the digestive tract is a complex system and 

many factors affecting phytate degradation differ slightly between turkeys and broiler 

chickens. Similar to in vitro trials, findings from other poultry species can contribute to 

a better trial design and better understanding of the obtained results, but cannot 

completely replace trials with the target species. 

In conventional poultry meat production, supplementation of mineral P should be 

completely replaced by supplementation of phytase whenever possible. For this, more 

data on high phytase dose effects in different feed matrices are required to obtain the 

capability to safely predict phytate-P digestibility in order to formulate highly P-efficient 

conventional poultry diets. 

Future research on endogenous mucosal non-phytase-phosphatase activity should be 

conducted using lower myo-inositol phosphates as substrate, as pH optimum and overall 

activity of phosphatases are substrate specific. More data on retention time in the 

different sections of the digestive tract is required. Especially in respect to possible 

effects on retention time of dietary treatments and inter-species differences. 
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6 SUMMARY 

A growing global human population, stagnation in available land for farming, and an 

increased interest in sustainable and eco-friendly food production necessitates a highly 

efficient and environmentally friendly food production. This includes poultry meat 

production, which is already one of the most efficient meat production systems in regard 

to required feed input. Currently, using phosphate originating from non-renewable 

phosphate rock as feed additive in poultry nutrition is industry standard. This leads to 

undesirably high phosphate concentration in the excreta, as plant-based phosphate 

remains unutilised. This can lead to unwanted eutrophication of waterbodies. Phytases 

are enzymes that can hydrolyse phosphate groups from phytate, the main contributor 

to plant-based phytate. Degrading phytate via enzymatic hydrolysation drastically 

improves digestibility of plant-based phosphate, as phytate cannot be absorbed in the 

digestive tract. With supplementation of microbial phytases to poultry feed, a tool is 

available to improve digestibility of plant-based phosphorus and reduce necessity of 

dietary phosphate supplementation. However, predictability of the extent of increased 

digestibility of plant-based phosphorus by phytase supplementation is not accurate 

enough to fully forego phosphate supplementation entirely. 

Subject of this doctoral thesis was to study the factors that can influence phytate 

degradation in the digestive tract of poultry, in order to improve predictability of plant-

based phosphate digestibility. The focus was put on maize-based diets, as they are very 

common worldwide and phytate degradation is especially challenging due to the low 

intrinsic phytase activity of maize. Firstly, a literature review on the current state of 

knowledge on phytate degradation and phosphorus digestibility of chicken fed maize-

based diets was conducted. Part of this review was to compare findings on this subject 

specific for chicken to findings in other poultry species. There is a plethora of studies 

that investigated phytate degradation and phosphorus digestibility in broiler chickens 

but comparatively little information on turkeys. Further, there were indications of 

fundamental differences between broiler chickens and turkeys. Consequently, the 

intention was to identify reasons for these differences and to evaluate to which extent 
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knowledge from broiler chickens could be transferred to turkeys. Two consecutive trials 

comparing broiler chickens and turkeys were designed. Factors studied were: 

supplemented microbial phytase, dietary phosphorus and calcium concentration, age, 

and endogenous mucosal phosphatase activity in the jejunum. Broiler chickens and 

turkeys studied were kept simultaneously and under identical conditions. They also 

received the same diets. A total of 480 broiler chicken and 480 turkey hatchlings were 

obtained at the same day and raised at the experimental facility. Halve of the animals of 

each species took part at the first trial from day 14 to day 21 post hatch. The other halve 

took part in the second trial from day 35 to day 42 post hatch. This set up was chosen to 

additionally study the influence of physiological development, as species with different 

maturation rates were compared. 

In 3-week-old broiler chickens and turkeys, precaecal InsP6 disappearance was the same 

when no phytase was supplemented and dietary calcium and phosphorus level was low. 

This coincided with no differences in endogenous jejunal mucosal phosphatase activity. 

In 6-week-old turkeys, precaecal InsP6 disappearance was higher than in 6-week-old 

broiler chickens, when no phytase was supplemented. This coincided with higher 

endogenous jejunal mucosal phosphatase activity in turkeys than broilers. When 

phytase was supplemented, precaecal InsP6 disappearance was markedly increased in 

both species. This increase was always higher in broilers compared to turkeys of the 

same age. Further, increased dietary calcium and phosphorus levels led to decreased 

precaecal InsP6 disappearance in both species at both ages. This led to the conclusion 

that previously reported differences in precaecal InsP6 disappearance between broiler 

chickens and turkeys were primarily due to the higher dietary calcium and phosphorus 

concentrations typically used in turkey diets, and secondly due to more phytate 

degradation of supplemented phytase in the digestive tract of broiler chickens 

compared to turkeys. The latter was attributed to more favourable conditions for the 

supplemented phytase, such as higher moisture content, lower pH, and possibly higher 

retention time, in the crop of broiler chickens compared to turkeys. Although the turkeys 
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appeared to have compensated much of that in the more posterior parts of the digestive 

tract. 

Endogenous jejunal mucosal phosphatase activity was higher in treatments with 

phytase supplementation than without. As this coincided with high concentrations of 

lower inositol phosphates in the digesta, these might have triggered increased 

expression of mucosal phosphatases on the brush border membrane. In contrast, an 

increase in dietary calcium and phosphorus level coincided with a decrease in 

endogenous jejunal mucosal phosphatase activity, numerically in 3-week-old birds, but 

significantly in 6-week-old birds. This might indicate a downregulation of mucosal 

phosphatase expression based on phosphate concentration in the small intestine. 

In conclusion, fundamental mechanisms affecting phytate degradation in the digestive 

tract of broiler chickens and turkeys seem to be the same. However, there is one big 

difference in recommended dietary calcium and phosphorus levels and many small 

differences in important details affecting phytate degradation and phosphate 

digestibility between the two species. These require dedicated attention to further 

improve phosphorus efficiency in poultry production. 
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7 ZUSAMMENFASSUNG 

Eine weltweit wachsende Bevölkerung bei gleichzeitiger Stagnation von verfügbarem 

Ackerland, sowie ein gestiegenes Interesse an nachhaltiger und umweltfreundlicher 

Lebensmittelproduktion erfordern effizientere Produktionsmethoden mit geringerer 

Umweltbeeinträchtigung. Das trifft auch für die Geflügelfleischproduktion zu, die in 

Bezug auf Futterverwertung bereits eine der effizientesten 

Fleischproduktionsmethoden ist. Momentan ist der Einsatz von Phosphat aus nicht 

nachhaltigem Bergbau als Futtermittelzusatzstoff Industriestandard. Das führt zu 

unerwünscht hohen Phosphorgehalten in den Exkrementen der so gefütterten Tiere, da 

das pflanzliche Phosphat weitgehend ungenutzt bleibt. Das kann zur unerwünschten 

Eutrophierung von Oberflächengewässern führen. Phytasen sind Enzyme, die 

Phosphatgruppen von Phytat, der Hauptspeicherform von Phosphat in Pflanzen, durch 

Hydrolyse abspalten können. Phytatabbau durch enzymatische Hydrolyse erhöht die 

Verdaulichkeit von pflanzlichem Phosphor erheblich, da Phytat nicht im 

Verdauungstrakt absorbiert werden kann. Die Supplementierung von mikrobieller 

Phytase mit dem Futter ist eine etablierte Methode um die Verdaulichkeit von 

pflanzlichem Phosphor zu erhöhen und so die Notwendigkeit mineralischen 

Phosphatsupplementen zu reduzieren. Allerdings kann noch nicht zuverlässig genug 

vorhergesagt werden, wie stark sich die Verdaulichkeit von pflanzlichem Phosphor 

durch Phytase-Supplementierung erhöht. Daher kann auf die Supplementierung von 

mineralischem Phosphat in der Praxis noch nicht völlig verzichtet werden. 

Gegenstand dieser Doktorarbeit war es die Faktoren zu untersuchen, die den 

Phytatabbau im Verdauungstrakt von Geflügel beeinflussen, um die Vorhersagbarkeit 

der Verdaulichkeit von pflanzlichem Phosphat zu verbessern. Der Fokus lag auf Mais-

basierten Futtermischungen, da sie weltweit sehr häufig eingesetzt werden und durch 

die geringe intrinsische Phytaseaktivität von Mais eine besondere Herausforderung 

darstellen. Zunächst wurde eine Literaturübersicht über den aktuellen Wissensstand zu 

Phytatabbau und Phosphorverdaulichkeit in mit Mais-basierten Rationen gefütterten 

Hühnern angefertigt. Teil dieser Arbeit war es außerdem, diese Hühner-spezifischen 
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Erkenntnisse mit Forschungsergebnissen für andere Geflügelarten zu vergleichen. Eine 

Erkenntnis war, dass es eine Vielzahl von Studien gab, die Phytatabbau und 

Phosphorverdaulichkeit in Masthühnern untersucht hat, aber vergleichsweise wenige 

Untersuchungen mit Mastputen. Zudem gab es Hinweise auf fundamentale 

Unterschiede zwischen Masthühnern und Mastputen. Daher sollten nun die Gründe für 

diese Unterschiede identifiziert und Möglichkeiten der Übertragbarkeit von 

Erkenntnissen zu Masthühnern auf Mastputen erörtert werden. Zwei aufeinander 

folgende Versuche mit Mastputen und Masthühnern wurden geplant. Die untersuchten 

Faktoren waren: supplementierte mikrobielle Phytase, Phosphor- und 

Calciumkonzentrationen im Futter, Alter und endogene mucosale Phosphataseaktivität 

im Jejunum. Masthühner und Mastputen wurden zeitgleich unter den gleichen 

Bedingungen gehalten und wurden mit den gleichen Versuchsfuttern gefüttert. 

Insgesamt wurden 480 Masthühner- und 480 Mastputen als Eintagsküken am selben Tag 

eingestallt und aufgezogen. Die Hälfte der Tiere der jeweiligen Spezies nahm zwischen 

dem 14. und dem 21. Lebenstag an einem Verdaulichkeitsversuch teil. Die übrigen Tiere 

nahmen zwischen dem 35. Und dem 42. Lebenstag an einem Verdaulichkeitsversuch 

teil. Dadurch sollte zusätzlich der Einfluss der körperlichen Entwicklung untersucht 

werden, da es sich um Tierarten mit unterschiedlicher Entwicklungsgeschwindigkeit 

handelt. 

Im Alter von 3 Wochen war das praecaecale InsP6-Verschwinden bei Masthühnern und 

Mastputen gleich hoch, wenn keine Phytase supplementiert wurde und die Calcium- und 

Phosphorkonzentration im Futter niedrig war. Gleichzeitig wurden ebenfalls keine 

Unterschiede in endogener mucosaler Phosphataseaktivität im Jejunum festgestellt. Im 

Alter von 6 Wochen war bei Mastputen sowohl das praecaecale InsP6-Verschwinden, als 

auch die endogene mucosale Phosphataseaktivität im Jejunum höher als bei gleichalten 

Masthühnern, wenn keine Phytase supplementiert wurde. Die Supplementierung von 

Phytase führte in beiden Spezies zu einem deutlichen Anstieg im praecaecalen InsP6-

Verschwinden. Dieser Anstieg war in Mastühnern immer höher als in Mastputen des 

gleichen Alters. Außerdem führte eine Erhöhung der Calcium- und 
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Phosphorkonzentrationen im Futter zu einer Reduktion des praecaecalen InsP6-

Verschwindens in allen untersuchten Tieren. Daher wurde geschlussfolgert, dass die in 

der Literatur berichteten Unterschiede im praecaecalen InsP6-Verschwinden zwischen 

Masthühnern und Mastputen vor allem auf die typischerweise höheren Calcium- und 

Phosphorkonzentrationen im Mastputenfutter, aber auch auf einen höheren 

Phytatabbau durch supplementierte Phytase im Verdauungstrakt von Masthühnern 

gegenüber Mastputen, zurückzuführen sind. Letzteres wurde für supplementierte 

Phytasen besseren Bedingungen, wie höherem Feuchtigkeitsgehalt, niedrigerem pH und 

möglicherweise längerer Retentionszeit im Kropf von Masthühnern im Vergleich zu 

Mastputen zugeschrieben. Jedoch konnten die Puten dies teilweise in darauffolgenden 

Abschnitten des Verdauungstrakts kompensieren. 

Die endogene mucosale Phosphataseaktivität war höher in Behandlungen mit 

Phytasesupplementierung als in Behandlungen ohne. In diesen Behandlungen wurden 

erhöhte Konzentrationen von niederen Inositolphosphaten gemessen. Diese könnten 

eine erhöhte Expression von Phosphatasen an der Bürstensaummembran stimuliert 

haben. Im Gegensatz dazu wurden bei erhöhten Calcium- und Phosphorkonzentrationen 

im Futter niedrigere endogene mucosale Phosphataseaktivitäten im Jejunum gemessen. 

Der Unterschied war numerisch bei 3 Wochen alten Tieren und signifikant bei 6 Wochen 

alten Tieren. Das kann auf eine Regulierung der endogenen mucosalen Phosphatase 

Expression in Abhängigkeit von Phosphatkonzentration im Dünndarm hinweisen. 

Abschließend kann geschlussfolgert werden, dass die grundlegenden Mechanismen, die 

auf Phytatabbau im Verdauungstrakt wirken, bei Masthühnern und Mastputen die 

gleichen zu sein scheinen. Allerdings gibt es zwischen den beiden Tierarten einen großen 

Unterschied bei der empfohlenen Calcium- und Phosphorkonzentration im Futter und 

viele kleine Unterschiede in wichtigen Details die Auswirkungen auf Phytatabbau und 

Phosphatverdaulichkeit haben. Diese erfordern besonderes Augenmerk um die 

Phosphoreffizienz in der Geflügelproduktion weiter zu verbessern. 
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