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Abstract 

The present study investigated the effect of P or phytase supplementation on the P-balance of 

dairy cows. 24 lactating German Holstein cows were used for a 5-weeks feeding trial and were 

allocated to three dietary treatments, P+MIN, P-MIN and P+PHY. All cows received a total 

mixed ration (TMR) composed of 63% corn silage and 37% concentrate on a dry matter (DM) 

basis for ad libitum intake. The concentrate of the P+MIN group was supplemented with 

dicalcium phosphate and represents the control group. The concentrate of the P-MIN group 

was unsupplemented and the concentrate of the P+PHY group was supplemented with an 

exogenous phytase (0.1 g/kg DM in the TMR; 50 000 FTU/g). The P concentration in the TMR 

of the P+MIN, P-MIN and P+PHY groups were 3.98, 3.46 and 3.26 g P/kg DM, respectively. 

Dry matter intake (DMI) and milk yield were recorded daily. In the last two weeks samples of 

milk, urine and blood were collected. Samples of faeces were collected to determine the 

P-balances by using the acid insoluble ash (AIA) marker technique. 

No differences in P-concentration of milk, urine and faeces were observed between the 

treatments. The P-digestibility of Group P+MIN and P-MIN was 60 and 56%, respectively. 

These values were not different compared to the P-digestibility of 57% in the P+PHY-group. 

The P-balance in the P+MIN group (26 g/d) was higher compared to the P-MIN (16g/d) and 

P+PHY (17g/d) treatment. Overall, phytase supplementation had no effect on P-digestibility 

and P-balance of dairy cows in this trial. 

Keywords: Phytase, Ruminants, P-digestibility, P-balance 

1. Introduction 

In the past, dairy cows were often fed diets containing P levels markedly higher than the 

recommendations for P supply. The most common explanation for this oversupply is the 

perception that high-P diets improve reproductive performance. In addition, the 

recommendations for adequate P supply differ from nation to nation (CVB, 2005; GfE, 2001; 

INRA, 2002; NRC, 2001; Schlegel, 2011). Consequential the proportion of excreted P, which 

is not used to meet the requirements of the cow, increases. Moreover, natural P sources used as 

mineral feedstuffs become more and more limited in the future (Rodehutscord, 2008). 
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Therefore, it remains a challenge for animal nutrition to reduce the dietary P supply while 

meeting the requirement at the same time. One way to increase the P-absorption and to reduce 

faecal P is the supply of exogenous phytase to the diets (Knowlton et al., 2007). The enzyme 

phytase has a relevant impact in the reduction of P-excretion by excrements from monogastrics. 

Due to its ability to cleave phosphate from its binding to the inositol ring, phytase supply more 

P for absorption in the small intestine (Guyton et al., 2003). In ruminants, phytase is secreted 

intracellular by ruminal bacteria (Yanke et al., 1998) and phytate hydrolysis also occurs in the 

lower gastrointestinal tract (small intestine with duodenum, jejunum, ileum) of ruminants. 

Thus the total tract hydrolysis of phytate is nearly complete (Brask-Pedersen et al., 2013). 

However, for P to be absorbed from the small intestine, the phytate hydrolysis must occur in 

the rumen. Using in vitro ruminal techniques Morse et al. (1992) and Brask-Pedersen et al. 

(2011) found out that the effect of exogenous phytase is closely related to the composition of 

the feedstuff, the pH-value level, the kind of phytase and the time of incubation. Additionally, 

Brask-Pedersen et al. (2011) observed that the supply of exogenous phytase in vitro can 

influence the P-utilization positively. These results are sustained by Garikipati and Kincaid 

(2004), who figured out a positive effect of the influence of exogenous phytase in dairy cows. 

However, data regarding the intake of P and the use of exogenous phytase are inadequate. 

Kincaid et al. (2005) tested the effects of grain source and exogenous phytase supplementation 

on the digestibility of P and concluded that exogenous phytase could have an influence on the 

faecal P-excretion of dairy cows. Although the main part of phytase activity in the rumen is of 

bacterial origin (Yanke et al., 1998), phytin hydrolysis might also be caused by intrinsic 

phytase contained in the diet, whereby however only some cereals and their by-products show 

phytase activities of more than 100 units/kg (Eeckhout & De Paepe, 1994). The phytase 

activity in corn is below the detection limit (Zimmermann et al., 2002). According to current 

knowledge, there is no certain way to identify the quantitative influence of plant phytase on 

ruminal phytate hydrolysis (Kincaid & Rodehutscord, 2005). Experiments in a 

semi-continuous culture system by Godoy and Meschy (1999) with P of inorganic and organic 

origin suggest that in some situations the ruminal phytase activity does not hydrolyze all 

dietary phytate. Time of incubation of feed in the gastro intestinal tract is getting shorter in high 

lactating cows, because the feed intake increases with the increasing performance. Based on 

this, the passage rate increases and with this the time of P-hydrolyses gets even lower 

(Garikipati & Kincaid, 2004).  

Overall, these observed effects of phytase could influence the P-balance of dairy cows and 

previous studies (Kincaid et al., 2005; Knowlton et al., 2007) comprise no complete P-balances. 

In addition the interaction between inorganic phosphorus (Pi) in serum and P-excretion via 

urine and milk remained unconsidered. Due to the limited quantity of studies to the supply of 

exogenous phytase in vivo, the aim of the present study was to determine a P-balance of 

lactating cows fed a corn based diet with a commonly used P-concentration, to ascertain further 

indicators for the effects of exogenous phytase and to study the impact on the concentration of 

P in milk, urine, faeces and blood.  
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2. Materials and Methods 

2.1 Animals, Treatments and Experimental Design 

The experiment was carried out with 24 lactating pluriparous German Holstein cows at the 

experimental station of the Institute of Animal Nutrition, Friedrich-Loeffler-Institute (FLI), 

Federal Research Institute for Animal Health, in Braunschweig, Germany. At the beginning of 

the trial, the cows had an average milk yield of 26.8 ± 1.9 kg/d and a mean body weight of 648 

± 64 kg. The mean lactation day was 196 ± 26 and the animals were, on average, in their 2.8 ± 

1.0 lactation. The animals were randomly assigned to one of three feeding groups, with eight 

cows each, based on milk yield, body weight, days in lactation and the number of lactation. The 

cows were kept in a free stall barn with a slatted floor and cubicles.  

The animals were fed ad libitum with corn silage and concentrate as a TMR, with 37% 

concentrate and 63% corn silage (on a DM basis). The concentrates were added in pelleted 

form to the corn silage and mixed in a feed mixer just before feeding. The diets were intended 

to cover the demand of energy and protein according to the recommendations of the Society of 

Nutrition Physiology (GfE, 2001).  

Three experimental diets were fed. Mineral P is supplied to the P+MIN diet. The diet 

represents the commonly used P-concentration for dairy cows with a milk yield of 

approximately 30 kg/d and a feed intake of about 20 kg DM/d. The TMR of group P-MIN 

included the native P of the feedstuffs without P-supplementation. The animals of group 

P+PHY got the same concentrate as group P-MIN e.g. Table 1, but supplemented with an 

experimental phytase (0.1 g/kg DM in the TMR). The phytase had an activity of min. 50 000 

FTU/g according to the manufacturer ś specifications (Experimental Phytase, manufacturer 

DSM-Nutritional Products Ltd, Basel, Switzerland). Determination of phytase activity in the 

feedstuff followed the procedure of Engelen et al. (1994). Phytase activity was determined in 

rumen samples and expressed in FTU adapted from the definition of Engelen et al. (1994). 

Table 1. Composition of the concentrates used during the trial 

 Concentrate 1 (%) Concentrate 2 (%) Concentrate 3 (%) 

Corn  40.0 40.0 40.0 

Soybean meal  35.0 35.0 35.0 

Dried sugar beet pulp 19.7 20.0 20.0 

Calcium carbonate 0.7 1.3 1.3 

Urea 1.5 1.5 1.5 

Sodium chloride  0.2 0.2 0.2 

Mineral premix
*
 2.0 2.0 - 

Mineral premix with phytase
†
 - - 2.0 

Dicalcium phosphate 0.9 - - 

* 
Composition (per kg): 200g calcium, 120g sodium, 40g magnesium, 1 000 000 IU vitamin A (E672), 100 000 

IU vitamin D3 (E671), 1500 mg vitamin E (alpha Tocopherolacetat), 5400 mg Mangan (Mangan (II)sulfat, 

Monohydrat E5), 6000 mg Zinc (Zincoxide E6), 1000 mg copper (copper sulfate pentahydrate E4), 100 mg iod 
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(calcium jodate, waterfree E2), 40 mg selenium (Sodium Selenate E8), 25 mg cobalt (cobalt sulfate, 

monohydrate, E3) 

† 
Composition (per kg): see premix 

1
 added with 14.8 g phytase (phytase activity amounted to 50 000 FTU**/g) 

**FTU: one FTU is the amount of enzymes that liberates 1µmol of inorganic P per minute from an excess of Na 

phytate at pH 5.5 and 37°C (Engelen et al., 1994) 

2.2 Measurements and Sampling Procedure 

Individual feed and water intake were recorded continuously by an automatic feeding system 

(manufacturer Insentec B.V., Marknesse, The Netherlands). The first three weeks of the trial 

were conducted as an adaptation period, followed by a two- week sampling period.  

During the sampling period, representative samples of the diet were collected daily. After 

collection, the samples were stored at -18°C and pooled to one sample.  

Cows were milked twice daily at 05:30 am and 03:30 pm in a milking parlour (manufacturer 

Lemmer-Fullwood, Lohmar, Germany). The milk yield was recorded automatically. Twice a 

week milk samples were taken during morning and afternoon milking to determine fat, protein, 

lactose, urea and somatic cell count (SCC). The samples were conserved with bronopol and 

stored at 8°C until analysis. Individual body weight was determined twice daily after milking.  

Blood samples were collected to prove that only cows in good metabolic condition were 

included in the study. The blood samples were taken for analysis of clinical blood parameters at 

day 0 of the adaptation period and at the end of the trial. Additionally, samples of blood, urine, 

faeces and milk were taken for P- and Ca-analysis from every cow on day 1, 3, 5, 8, 10 and 12 

during the last two weeks of the experiment. That means that during the sampling period, blood 

was collected six times in serum tubes from a vena jugularis externa. Approximately one hour 

after sampling, serum was separated by centrifugation at 3000 x g for 30 minutes at 15°C. The 

serum was filled into tubes and stored at -18°C until analysis of clinical blood parameters. 

2.3 Analyses 

Samples of feedstuff and faeces were analyzed for DM, ash, crude protein (CP), crude fibre 

(CF) and ether extract (EE) according to the methods of the Verband Deutscher 

Landwirtschaftlicher Untersuchungs- und Forschungsanstalten (VDLUFA, 1997). Feedstuff 

samples were dried at 60°C for 72 hours and ground through a 1-mm screen. Analysis of acid 

and neutral detergent fibre (ADF resp. NDF) was conducted following the methods of 

VDLUFA (1997). Samples of morning and evening milk were pooled according to their milk 

yields and freeze dried for analysis of Ca and P. Faeces samples were taken during the last two 

experimental weeks and freeze dried for the determination of nutrients and acid AIA. 

Ca and P in TMR, milk, urine and faeces were analyzed by an optical emissions spectrometer 

with inductively coupled plasma (ICP-OES) according to VDLUFA (1997). 

The phytase content of the concentrates is determined via the phytase activity and expressed as 

units (U)/kg feed. The analytical method is based on the method of the draft of the Comite 
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Europeen de Normalisation (CEN) standard (12) which is published as ISO 30 024 (Gizzi et al., 

2008). 

The milk samples were analyzed for fat, protein, lactose, urea and SCC with a Fourier 

transform infrared spectroscopy and flow cytometric measurement system (Milkoscan FT 

6000 combined with a Fossomatic 5000, Foss Electric, Hillerød, Denmark).  

Measurements of AIA are suited to predict the digestibility in ruminants (Sunvold & Cochran, 

1991). The AIA in feed and faeces was analyzed with the 4N HCl-method. This is an adapted 

form of the method described by Wünsche et al. (1984) and Mccarthy et al. (1974). A total of 2 

to 5 g of freeze dried faeces or feed were ashed. The ignition of the samples lasted 5 hours at a 

temperature of 550°C. The ashes were boiled for 15 minutes with 4N HCl and the residues 

were filtered with an ashless filter paper. After drying the filters with the residues, they were 

ashed again to obtain the amount of AIA. The nutrient concentration in faeces samples was 

analyzed in the same way as in the feed. The concentration of P, Ca and different clinical 

chemical parameters like total protein, aspartate aminotransferase (AST), gamma 

glutamyltransferase (GGT), glutamate dehydrogenase (GLDH), cholesterine, glucose, free 

fatty acids (FFA), ß-hxdroxybutyrate, urea and creatinine were analyzed in blood serum 

samples. The analysis of the clinical chemical parameters was carried out using a Cobas Mira 

Plus Chemistry Analyzer (Hoffmann-La Roche Ltd., Basel, Switzerland).  

Inositol-P (InsP-6/5/4/3/2/1) was analyzed in all samples using high-performance ion 

chromatography according to the method of Brejnholt et al. (2011). The majority of total P was 

present as phytate P. Phytate P was determined by a standard `ferric chloride 

precipitation`-method (Selle et al., 2003). 

2.4 Calculations 

The apparent total tract digestibility (AD) of organic matter (OM), CF, EE, P and Ca was 

estimated by AIA as a marker occurring naturally in the diet. The results of AIA and OM, CF, 

EE, P and Ca analysis from the different diets and faeces were used to calculate the AD of OM, 

CF, EE as well as Ca and P as follows: 

AD [%] = ([(Ndiet/AIAdiet)-(Nfaeces/AIAfaeces)]/Ndiet/AIAdiet) * 100, 

where Ndiet is the nutrient concentration (OM, CF, EE, P, Ca) in g/kg DM and AIAdiet is the 

AIA concentration in g/kg DM in the feed. Nfaeces is the nutrient concentration (OM, CF, CL, P, 

Ca in g/kg DM) and AIAfaeces the AIA concentration (g/kg DM) in faeces.  

The ME content was calculated according to GfE (2001) by using the digestibilities from the 

AIA method: 

ME [MJ] = 0.0312 x g DEE + 0.0136 x g DCF + 0.0147 x g (DOM-DEE-DCF) + 0.00234 x 

g CP 

Where CP is crude protein, DEE is digestible ether extract; DCF digestible crude fibre and 

DOM digestible OM.  
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P-excretion with urine was calculated as: 

P-excretion in urine [g/d] = P-concentration in urine [g/mL]*40 [mL/kg/d] *BW [kg].  

According to Kienzle (1991) it is assumed that the mean urine excretion of dairy cows is 40 

mL/kg body weight (BW) per day. 

P-balance was calculated with the following equitation: 

Balance [g/d] = P-intake [g/d]- faecal P [g/d]- urinary P [g/d]- milk P [g/d]. 

The phytase activity for the corn silage is calculated according to tabulated values of Eeckhout 

and De Paepe (1994). This results in a phytase activity for corn silage of 12 FTU/kg DM. 

2.5 Statistical Analysis 

The statistical analysis was carried out with the SAS-software package Version 9.1.3 (SAS 

Institute, Cary, NC, USA 2004).   

The procedure “MIXED” with a compound symmetry covariance was used to analyse the data. 

The treatment group was assumed to be the fixed effect. The fact that each cow was used for 

frequent measurements was considered using a “REPEATED” statement for the individual 

animal effect. The “PDIFF” option was used to determine significant effects between the least 

square means and “TUKEY-KRAMER” test was applied for post-hoc analysis. The results of 

the trial are presented as least squares means (LS means) ± standard error of the mean (SE). 

Effects are graded as significant with P < 0.05. 

3. Results 

3.1 Chemical Composition of the Feedstuffs 

The mean nutrient and energy content of the diets is shown in e.g. Table 2. All three 

experimental groups received a TMR with an average energy content of 11.4 MJ ME/kg DM 

and 7.0 MJ NEL/kg DM. P-concentrations in the TMR were 3.98, 3.46, and 3.26 g/kg DM in 

groups P+MIN, P-MIN and P+PHY, respectively. The concentration of phytate P in total P of 

the different diets is listed in e.g. Table 2. The proportion of phytate P was between 58.5 and 

69.9% of the total P-concentration in the diets.  

Table 2. Chemical composition of the total mixed rations (TMR) in the experimental groups 

(g/kg DM) 

 
TMR 1  

P+MIN
1
 

TMR 2 

P-MIN
2
 

TMR 3 

P+PHY
3
 

 (g/kg DM) 

Organic matter 947 943 945 

Crude protein 137 151 152 

Ether extract 24 35 28 
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Crude fibre 152 158 153 

ADF 164 178 172 

NDF 346 376 358 

P  3.98 3.46 3.26 

Ca  5.79 5.54 5.10 

(mg/g DM) 

InsP-6
4
  1.87 1.92 1.84 

InsP-5
4
  0.44 0.45 0.42 

InsP-4
4
  0.02 0.03 0.02 

InsP-1/2/3
4
  

†
 

†
 

†
 

(MJ/kg DM) 

ME
5
  11.49 11.21 11.46 

NEL  7.05 6.82 7.02 

† 
out of level of quantification, while the lowest standard (0.5-3.2mg/g DM) is defined as the `level of 

quantification` 
1
 diet with supplemented mineral P 

2
 diet with native P content 

3 
diet with native P content, added with phytase 

4
 Inositol Phosphorus 

5
 calculated according to GfE (2001) by using the digestibility’s from the AIA-Method  

The concentrates used in the diets of group P+MIN and P-MIN (concentrate 1 and concentrate 

2) showed no phytase activity, while concentrate 3 (P+PHY group) showed a phytase activity 

of 5859±15 FTU/kg.  

3.2 General Performance 

The feed intake of the dairy cows during the sampling period is presented in e.g. Table 3. TMR 

intake amounted on average 21.6 kg DM/d for all groups. No differences were observed in 

TMR intake across the treatments. The mean P concentration of the concentrate was 5.95, 4.49 

and 4.37 g/kg DM in group P+MIN, P-MIN and P+PHY, respectively. Group P+PHY showed 

the highest CP intake (3.35 kg/d) and P-MIN the highest intake of EE, ADF and NDF. 

Table 3. Mean feed and nutrient intakes during the sampling period (LS means ± standard 

error) 

 
Group  

P+MIN
1
 

Group  

P-MIN
2
 

Group  

P+PHY
3
 

P-value 

Animals/group 8 8 8  
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TMR (kg DM/d) 21.3 ± 1.03 21.3 ± 1.03 22.1 ± 1.03 0.413 

Crude protein(kg/d) 2.92 ± 0.07
a
 3.21 ± 0.07

b
 3.35 ± 0.07

b
 <0.001 

Ether extract (kg/d) 0.51 ± 0.01
a
 0.75 ± 0.01

c
 0.62 ± 0.01

b
 <0.001 

ADF (kg/d) 3.50 ± 0.08
a
 3.79 ± 0.08

b
 3.80 ± 0.08

b
 0.012 

NDF (kg/d) 7.38 ± 0.17
a
 8.00 ± 0.17

b
 7.80 ± 0.17

b
 0.021 

a, b, c
 Different letters in one row show significant differences (P<0.05) 

1
 diet with supplemented mineral P 

2
 diet with native P content 

3 
diet with native P content, added with phytase 

The milk performance data showed no differences between the treatments e.g. Table 4. Average milk yield 

amounted to 26.8±1.9 kg/d, fat corrected milk (FCM) to 27.4±1.9 kg/d. The mean milk fat content was 

4.15±0.23 %, the protein content 3.46±0.1 % and the lactose content 4.72±0.1 %. The averaged SCC was 

175±55 tsd/ml and the urea concentration 264±12 ppm. 

Table 4. Average milk yield and milk composition as well as milk P- and Ca-concentration 

during the sampling period (LS means ± standard error) 

 P+MIN
1
 P-MIN

2
 P+PHY

3
 P-value 

Animals/group 8 8 8  

Milk yield (kg/d) 27.1 ± 1.9 26.8 ± 1.9 26.6 ± 1.9 0.984 

Fat Corrected Milk (kg/d) 27.5 ± 1.9 27.4 ± 1.9 27.3 ± 1.9 0.997 

Fat content (%) 4.08 ± 0.23 4.22 ± 0.23 4.15 ± 0.23 0.914 

Protein content (%) 3.39 ± 0.08 3.44 ± 0.08 3.54 ± 0.08 0.436 

Lactose content (%) 4.64 ± 0.09 4.70 ± 0.09  4.81 ± 0.09 0.398 

Somatic cell count (tsd/ml) 146 ± 55 278 ± 54 100 ±55 0.079 

Urea (ppm) 245 ± 12 275 ± 12 272 ± 12 0.171 

Phosphorus (g /kg DM) 0.90±0.03 0.92±0.03 0.91±0.03 0.885 

Calcium (g/kg DM) 1.2±0.03 1.2±0.03 1.1±0.03 0.794 

1
 diet with supplemented mineral P 

2
 diet with native P content 

3 
diet with native P content, added with phytase 

The P-concentration in milk was on average 7.1±0.2 g P/kg DM and did not differ between groups. The 

Ca-concentration was on average 9.0±0.1 g/kg DM.  

3.3 Digestibility and Balances of P and Ca 

The mean daily P-and Ca-intake is listed in e.g. Table 5. P-intake differed between the groups 

without P-supplementation and the P-supplemented group and was 74 and 72 g P/d for group 

P-MIN and P+PHY compared with 85 g P/d for group P+MIN. The ratio between Ca- and 

P-intake was 1.6:1 for group P-MIN, 1.5:1 for group P+MIN and 1.6:1 for group P+PHY. The 

ratio differed significantly (P<0.001), whereby the animals fed the highest amount of P (Group 

P+MIN) showed the lowest value. 
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There was no influence of treatment on the excretion of P and Ca with milk, faeces and urine 

during the sampling period e.g. Table 5.  

Table 5. Mean P- and Ca-intakes and excretion with milk, faeces and urine as well as P- and 

Ca-balance during the sampling period (LS means ± standard error) 

 P+MIN
1
  P-MIN

2
 P+PHY

3 
 P-value 

Animals/group 8 8 8  

Intake (g/d) 

Phosphorus      84.9 ± 4
a
    73.7 ± 4

b
    71.8 ± 4

b
 0.039 

Calcium   123.5 ± 6 117.9 ± 6 112.6 ± 6 0.414 

Excretion with faeces (g/d) 

Phosphorus  34.5 ± 3 32.4 ± 3 31.0 ± 3 0.636 

Calcium  64.3 ± 6 78.8 ± 6 74.9 ± 6 0.221 

Excretion with urine (g/d) 

Phosphorus  0.57 ± 0.1 0.60 ± 0.1 0.36 ± 0.1 0.196 

Calcium  0.57 ± 0.1 0.29 ± 0.1 0.49 ± 0.1 0.186 

Excretion with milk (g/d) 

Phosphorus  24.3 ± 2 24.5 ± 2 24.0 ± 2 0.971 

Calcium  31.3 ± 2 31.0 ± 2 30.0 ± 2 0.907 

Balance (g/d) 

Phosphorus 26.4 ± 2
a
 16.2 ± 2

b
 16.5 ± 2

b
 0.004 

Calcium 27.3 ± 3
a
   7.8 ± 3

b
  7.2 ± 3

b
 <0.001 

Total tract digestibility (%) 

Phosphorus 59.8 ± 2.4 56.1 ± 2.4 56.8 ± 2.4 0.519 

Calcium 48.6 ± 2.8
a
 33.9 ± 2.9

b
 33.5 ± 2.8

b
 0.001 

a, b
 Different letters in one row show significant differences (P<0.05) 

1
 diet with supplemented mineral P 

P-concentration in faeces for the different groups was averagely 6.7±0.6 g/kg DM. 

Ca-concentration in faeces of group P+MIN was lower (13.6±1 g/kg DM; P = 0.019) compared 

to both other groups (15.1 and 15.4 g/kg DM for P-MIN and P+PHY). Total tract apparent 

digestibility of P and Ca estimated by the AIA method is shown in e.g. Table 5. The 

P-digestibility coefficients (on average 57.6 %) did not differ among treatments (P=0.519). In 

contrast, the digestibility of Ca was higher for P+MIN (P=0.001) and showed no differences 

between P-MIN and P+PHY.  

There was no influence of treatment on the excretion of P and Ca with milk, faeces and urine 

during the sampling period. The P+MIN group retained more P and Ca with the consequence 
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that nearly 80% of the additional P in group P+MIN were retained.  

3.4 Blood Analysis 

The course of the Ca and P-concentrations in blood serum during the sampling period did not 

show differences between the treatments.  

There was a slight decrease in serum P-concentration during the sampling period e.g. Figure 1. 

All feeding groups started with a higher P-concentration in blood serum than they finished with 

at sampling day 6. Group P-MIN had a P-concentration of 1.8 mmol/L at sampling day 1, while 

it closed at sampling day 6 at a concentration of 1.5 mmol/L. Both other groups started with 1.7 

mmol/L, the group P+MIN ended with the same concentration as the control group P-MIN, 

while the phytase group P+PHY signs up the lowest concentration with 1.35 mmol/L.  

*
 diet with supplemented mineral P 2 diet with native P content 3 diet with native P content, added with phytase 

Figure 1. P-concentration (mmol/L) in blood during the sampling period (n=8) 

The concentration of Ca in blood serum is constant in all groups e.g. Figure 2. 
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* diet with supplemented mineral P 2 diet with native P content 3 diet with native P content, added with phytase 

Figure 2. Ca-concentration (mmol/L) in blood serum during the sampling period (n=8) 

Results of blood serum analysis for total protein (71.4-78.4 g/L), AST (65.4-78.9 IU/L), GGT 

(28.5-33.1 IU/L), GLDH (16.1-33.1 IU/L), cholesterine (4.3-4.5 mmol/L), FFA (105-166 

µmol/L) and ß-hydroxybutyrate (BHB) (0.3-0.6 mmol/L) from the beginning and the end of 

the experiment are within the reference values given by Kraft and Dürr (2005). The values of 

glucose (3.7-3.9 mmol/L), Urea (3.2-5.9 mmol/L) and creatinine (µmol/L) are near the 

reference values. No treatment effects were observed in the blood parameters at the beginning 

of the adaptation period and at the end of the sampling period.  

4. Discussion 

P-requirements for milk synthesis represent the largest proportion of the total P amount 

required by lactating dairy cows. If the milk performance rises, an increasing amount of P must 

be fed, but a P-concentration higher than 4g/kg DM is, even at high performance levels, not 

necessary (Brintrup et al., 1993; Valk et al., 2002; Wu et al., 2000). The P-concentration of the 

P+MIN diet was calculated to represent the commonly used diet for a dairy cow with a milk 

yield of about 30 kg/d. Therefore mineral P was supplied to this diet. The TMR of group 

P-MIN (3.46 g P/kg DM) was intended to include the native P of the feedstuffs, only. Thus this 

group has a 20 percent lower P-concentration than the diet of the P+MIN group (3.98 g P/kg 

DM). The animals of group P+PHY received a concentrate similar to group P-MIN (3.26 g 

P/kg DM), but supplemented with an experimental phytase.  

The feed ingredients including corn silage, corn, soybean meal and dried sugar beet pulp 

contributed to the comparatively low dietary P as compared with other diets commonly used 

for dairy cows. The P-concentration of the corn silage was on average 2.72 g/kg DM and the 
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mean P-concentration of the concentrate was 4.49 g/kg DM. With 59-70 percent phytate P 

(InsP-6/5/4/3/2/1) in total P, the part of phytate P is higher than half of the total P in the diets 

and should be available for hydrolysis catalyzed by phytase.  

Milk yield was unaffected by the dietary treatments. A similar result was reported by Kincaid 

et al. (2005) and by Yang et al. (1997) who found no differences in milk yield, when the 

P-content of TMR was 0.45%. 

Commonly, a P-concentration in milk of about 0.9 g/kg milk is indicated in the literature 

(Brintrup et al., 1993; Knowlton & Herbein, 2002; Pfeffer et al., 2005). Nevertheless, there are 

variations between experiments with values ranging from 0.7 to 1.1 g/kg milk (Pfeffer & 

Hristov, 2005). Reference values for P in milk (g/kg) of lactating Holstein cows over the 

complete lactation are between 0.85-0.94 g P/kg milk (Brintrup et al., 1993; Valk et al., 2002; 

Wu et al., 2000) and for early- and mid-lactation between 0.68 and 0.89 g P/kg milk (Knowlton 

& Herbein, 2002; Knowlton et al., 2001). In the present trial the values ranged between 0.88 

and 0.91 g P/kg milk and 1.09 and 1.12 g Ca/kg milk. They are similar to the mean P-and 

Ca-concentration of 0.9 and 1.1 g/kg milk given by Pfeffer et al. (2005a). The present results 

show and Pfeffer and Hristov (2005) concluded that the P-intake has no influence on the 

P-excretion with milk. It should be still recognized, that the current study contradicts 

experiments conducted by Coates and Ternouth (1992) with cattle.  

With regard to the P-recommendations, it is conspicuous that the excretion of P with milk is 

assumed between 0.9 and 2.0 g P per kg milk (Beyer et al., 2004; CVB, 2005; GfE, 2001; 

INRA, 2002; NRC, 2001; Schlegel, 2011). Bearing these recommendations in mind, the values 

out of the present study are just below values given by the GfE (2001) even though the P-intake 

was comparatively high. This confirms the statement that P-intake with feed has no influence 

on P-concentration in milk and supports the previous studies of Wu et al. (2001). Considering 

the actual study, it would be possible to decrease the value for P-concentration in milk to 0.9 g 

per kg milk, like other recommendations already did (INRA, 2002; NRC, 2001). Moreover the 

actual results shows that the presumption of 2 g P per kg milk (Beyer et al., 2004) is 

overestimated. The reduction of P-concentration in milk in the recommendations of Schlegel 

(2011), CVB (2005), Beyer et al. (2004) and GfE (2001) from 2 resp. 1 g to 0.9 g P per kg milk 

could help to reduce the faecal P-concentrations without it would be harmful for the health of 

the cows.  

Overfeeding of dietary P is common in the diets for dairy cows. P is often fed to dairy cattle 20 

to 40 percent in excess of published requirements (Knowlton et al., 2004; Sink et al., 2000). P 

fed in excess of the requirements is excreted and a reduction of overfeeding could be a 

powerful tool to reduce the P-concentration in faeces (Knowlton et al., 2004). Pfeffer and 

Hristov (2005) observed correlations between faecal P-excretion and DMI indicating that per 

kg DMI 0.88 g P was inevitable lost in faeces of goats. Similar to Pfeffer and Hristov (2005) 

other authors found the direct line between P-intake and P-excretion in dairy cows (Knowlton 

& Herbein, 2002; Knowlton et al., 2001; Knowlton et al., 2004; Morse et al., 1992; Wu et al., 

2001; Wu et al., 2000). In the current study P-excretion with faeces was similar to a study 

conducted by Coates and Ternouth (1992). In this study, faecal P-excretion was unaffected by 
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either the dietary P-intake or the added exogenous phytase fed to cows. Dvorakova (1998) 

determined the pH-value, temperature, moisture and time of incubation in the rumen and ileum 

as relevant factors affecting the digestibility of P. Consequently, caused by the high feed 

intakes in high-producing dairy cows, ruminal passage-rates are rapid, which limits the time for 

hydrolysis in the rumen (Garikipati & Kincaid, 2004). In the current study, this assumption 

cannot be proved, thus there was no lower P-excretion with faeces of the cows fed the phytase 

supplementation.  

The total tract apparent digestibility of P and Ca is described differently in the literature. While 

Wu et al. (2000) presents interactions between the P-intake and P-digestibility, Silva Filho et al. 

(1992) determined missing interactions between these parameters. In accordance with Silva 

Filho et al. (1992) who studied the effect of dietary P-concentrations on P-metabolism in Bos 

indicus, in the current study no effect of P-intake on P-digestibility was observed. In contrast, 

the Ca-digestibility which showed a significantly influenced by P-intake. The group with the 

highest P-intake (P+MIN) was able to digest about 15 percentage points more Ca compared 

with the other groups.  

P and Ca retention for all dietary treatments was positive. However, the P+MIN group showed 

a higher P- (P=0.004) and Ca-balance (P<0.001) compared with both other groups. This means 

that more P and Ca were retained in the body of the animals than in the P-MIN and P+PHY 

groups. In the current study, a higher mineral P intake enabled the cows to retain more P and Ca. 

Valk et al. (2002) found comparable results for lactating dairy cows even at a lower P-intake 

level. P and Ca could be stored in bones, teeth, soft tissues and blood. Because there were no 

differences in the P-concentration in blood e.g. Figure 1, it can be assumed that bones or soft 

tissues would have shown differences between the groups.  

When comparing the retention of the P, it can be noticed that the group P+MIN had the highest 

P-retention. This higher value can be explained by the used P-supplement. The group P+MIN 

received inorganic P supplements while the diets of both other groups contained only native P. 

The comparison between the group P-MIN and P+MIN showed that there is a difference of 

11g/d in the P-intake and of 10 g/d in the P-balance. 91% of the supplemented P in group 

P+MIN were utilized. The comparison of group P+PHY and P+MIN showed that the intake of 

the groups differed about 13g/d and the balance about 9 g/d. Consequently 69% of the 

supplemented P in group P+MIN were utilized. 

The concentrations of P and Ca in serum were not affected either by the exogenous phytase or 

by the different P-intake. According to literature data Hadzimusic (2011) summarized that the 

reference values of P in blood of cows are between between 1.4 and 2.5 mmol/L (Merck, 2008). 

The range of reference values for Ca in blood serum of lactating cows is between 2.1 to 3.1 

mmol/L (Hadzimusic, 2011; Jovanovic et al., 1997; Kaneko, 2008; Kraft & Dürr, 2005; Merck, 

2008; Radostits et al., 2000). The values of Ca and P in this experiment are below or 

respectively near the minimum level of the reference values e.g. Figures 1 and 2.  

Morse et al. (1992), Knowlton et al. (2001) and Wu et al. (2001) investigated that there is a 

relationship between the intake and output of minerals. The present analytic values for P- and 
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Ca-balance support this statement that the P-intake has an influence on the P-balance. The 

desired positive effect of phytase with regard to a better P-digestibility did not occur. In 

accordance with Kiarie and Nyachoti (2010) and under the conditions examined the supply of 

phytase could not reduce the excretion of non-digestible P. Brask-Pedersen et al. (2013) 

figured out, that a higher supply of exogenous phytase increases the ruminal degradation of 

inositol P6 (InsP6). The supply of phytase increases the ruminal phytase activity. The phytase 

concentration in the diets of the current study are nearly similar to the high concentrated 

group of the study by Brask-Pedersen et al. (2013). However the actual study shows no 

phytase activity in the rumen. Against this back ground, the question arises if a higher amount 

of phytase supplementation could have resulted in differences between the treatments. In 

previous studies ruminal and total-tract degradations of InsP6 were higher when exogenous 

phytase was added to the TMR. Degradation of InsP6 occurred mainly in the rumen as the 

content of InsP6 was lower in the duodenum samples in animals fed phytase (Brask-Pedersen 

et al., 2013). Bearing this in mind, it could be advantageous to examine the pH-value and 

temperature in the rumen to prove that the phytase can work efficiently. Dvorakova (1998) 

determined that the rated range of pH is 2.5 or 5.5 for Aspergillus niger phytase, while 

Brask-Pedersen et al. (2013) mentioned that the optimum pH for the phytase used in their 

study was 5 to 5.5. The lower pH-optimum of the phytase can constitute a reason that in the 

current study the phytase has no influence on the P-retention, in so far that the pH-value of 

the rumen of a dairy cow is higher than 5.5. Under conditions as presented here, it makes 

more sense to determine the lower limits for the P-supply of the different ruminants and 

different performances than to use the tested phytase in this quantity. Furthermore research is 

needed to determine the effect of incubation time, passage rate, pH-value and phytase activity 

in the rumen and duodenal chyme.  

5. Conclusions 

Dietary phytase supplementation in dairy cows fed different amounts of P showed no effect on 

P-excretion with faeces and urine as well as the P-balance. The results of the experiment 

indicate that the addition of the tested phytase had no influence on the P-excretion in milk. The 

reduction of P concentration in milk in the recommendations from 2 resp. 1g to 0.09g per kg 

milk could help to reduce the faecal P-concentration without it would be harmful for the health 

of the cows.  
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