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Abstract
Three hydrated monocalcium phosphates differing in purity (with or without monetite, or mon-
etite and calcite) and in crystalline structure were used in broiler chickens diets. The performance 
indices, concentration of Ca, P and Mg and activity of alkaline phosphatase in blood plasma, the 
content of these mineral elements in bones, and physico-mechanical parameters of femur and tibia 
bones were recorded. Body weight on 35th day of life, feed intake and mechanical parameters of 
bone quality were slightly affected by the type of phosphates used. Higher Ca and P concentration 
in blood was stated in chickens fed diets with greater purity of phosphates, but activity of alkaline 
phosphatase has increased with the admixture of monetite or calcite used in phosphates. The best 
parameters of bone quality were found in the treatment in which hydrated monocalcium phos-
phate (MCP) with admixture of monetite and calcite was applied. Higher concentration of both Ca 
and Mg in bone was determined in chickens fed diets with pure phosphates.
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Phosphorus is an integral ingredient of active organic compounds in live organ-
isms – phosphoproteins, enzymes and bone components. It is utilized at the cell level 
as adenosine triphosphate (ATP) to generate energy, and it participates in phospho- 
rylation, in metabolism and absorption processes. About 80–95% of the total pool of 
P in organism is incorporated in bones. The native sources of phosphorus for poultry 
are phytates found in great amounts in grain. However, these mineral compounds are 
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less or even totally unavailable to poultry. This makes it necessary to enrich the feed 
mixtures with phosphates (and/or apply the additional microbial enzyme phytase) 
(Orban et al., 1999; Rama Rao and Ramasubba Reddy, 2003). Depending on the 
type of chemical bonds, the phosphorus from phosphates is characterized by differ-
ent degrees of bioavailability (Barauch et al., 1958; Coffey et al., 1994; De Groote 
and Huyghebaert, 1997; Fernandes et al., 1999; Nelson et al., 1990; Bleux et al., 
2002). The biological value of different feed phosphates available on the commercial 
feed market directly depends on technology of production, chemical composition 
and purity, content of calcium, particle size and on many other factors (Gillis et al., 
1954; Gajda-Janiak et al., 2005; Ravindran, 1995; Wzorek and Kowalski, 1995). 
The great variation in phosphate quality resulted in a large body of studies of chemi-
cal composition and crystallographic and physical characteristics of 341 different 
mono-, di-, tri-, Mg- and Na- phosphates available on the Polish feed market (Jam-
roz et al., 2010). The purpose of this study was to determine the quality of different 
phosphates in diets for chickens in terms of potential availability of phosphorus from 
these chemical compounds. In the first trial three monocalcium phosphates charac-
terized by different physicochemical properties were selected for evaluation based 
on the performance, Ca, P and Mg contents in blood as well as chemical composition 
and mechanical properties of bones of broiler chickens. 

Material and methods

Animals and feed mixtures
Three hundred one-day-old Hubbard Flex male chicks with an average body 

weight of 45.5±1.6 g were randomly divided into three dietary treatments, each com-
prised of ten replications (cages) with 10 birds/cage. The chickens were reared in 
battery cages. The ambient temperature was gradually reduced from 32 to 21°C, 
the lighting programme was 24 hours light per day in the first week, after which the 
lights were turned off for 6 hours daily. Birds had free access to drinking water and 
to the feeders with feed mixtures given in mash form ad libitum (days 1–10 prestart-
er, days 11–21 starter, and days 22–35 grower diet). Three analogue mixtures were 
used. The birds of all treatments were fed isoprotein and isoenergetic diets based on 
wheat, maize and soybean meal (Table 1), but in experimental groups different MCP 
were introduced to the diets. 

The phosphates differed in physicochemical characteristics (Table 2;  
Figs. 1–3). The roentgenographic and thermogravimetric characteristics made it pos-
sible to identify the crystalline phases of phosphates on the basis of melting tempera-
ture of crystal diffraction and interference of wave on the crystal walls. These data 
are important information for the technologists. In mixtures given in treatment I pure 
MCP was applied, in treatment II MCP with monetite, and in treatment III MCP with 
monetite and calcite were used. The examined phosphates were characterized by dif-
ferent solubility in water (Table 2), but the use of citric acid, HCl and ammonium ci-
trate as solvents made this parameter similar for all the phosphates used (Table 2).
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Table 1. Composition of experimental diets (g/kg)

Item

Diets

Prestarter Starter Grower

I II III I II III I II III

Wheat 221.0 222.5 247.0

Maize 353.0 353.0 353.0

Soybean meal 339.2 331.5 297.1

Soya oil 33.4 41.6 54.7

Premix 1% * 10.0 10.0 10.0

DL Methionine 98% 3.1 2.9 2.8

L Lysine 98% 0.9 0.5 1.0

NaCl 2.8 2.8 2.9

MCP** 16.0 13.9 12.0

Limestone 20.9 20.4 19.8 21.8 21.4 20.8 19.1 19.6 19.1

ME (MJ/kg) 12.2 12.4 12.9

Determined analytically

Crude protein 225.1 221.5 207.5

Crude fat 63.1 71.0 83.6

Crude fibre 33.6 33.4 32.8

Met + Cys 9.3 9.1 7.5

Lysine 12.5 12.0 8.9

Ca 10.5 10.5 9.5

P total 7.8 7.3 6.7

P available *** 5.0 4.5 4.0

Mg 1.8 1.7 1.7

*Provided per kg of prestarter/starter: vit. A – 12000 I.U., vit. D3 – 3000 I.U., vit. E – 35 mg, vit. K3 –  
2.5 mg, vit. B1 – 3 mg, vit. B2 – 7 mg, vit. B6 – 5 mg, vit. B12 – 0.02 mg, biotin – 0.15 mg, nicotinic acid (PP) – 
40 mg, calcium pantothenate – 14 mg, folic acid – 1.5 mg, choline – 600 mg, Mn – 70 mg, Fe – 70 mg, Cu – 
15 mg, Zn – 60 mg, Se – 0.2 mg, Co – 0.3 mg, I – 1 mg, coccidiostat Salinomycin – 60 mg;

Provided per kg of grower: vit. A – 10000 I.U., vit. D3 – 2000 I.U., vit. E – 30 mg, vit. K3 – 1.5 mg, vit. 
B1 – 2 mg, vit. B2 – 5 mg, vit. B6 – 3 mg, vit. B12 – 0.015 mg, biotin – 0.15 mg, nicotinic acid (PP) – 25 mg, 
calcium pantothenate – 10 mg, folic acid – 0.8 mg, choline – 500 mg, Mn – 60 mg, Fe – 50 mg, Cu – 15 mg,  
Zn – 50 mg, Se – 0.2 mg, Co – 0.2 mg, I – 0.7 mg.

**Monocalcium phosphates presented in Figs. 1, 2 and 3 and in Table 2.
***Calculated according to the available phosphorus content in dietary compound according to Smulikows-

ka and Rutkowski (2005). 

Mineral-vitamin premixes used in the mixtures were free of feed antibiotic or 
alternative substances and contained the coccidiostat. The crude protein content was 
about 220 g/kg in prestarter and starter diets and 207 g/kg in grower diet. The nutri-
ents as well as amino acids were chemically determined in the separate components 
and then controlled analytically again in complete feed mixtures, and the averages 
for each diet differing in type of phosphate were presented in Table 1. 
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The energy value of diets was calculated to be 12.2/12.9 MJ/kg, respectively on 
the basis of determined nutrients and according to the formula published in the Euro-
pean Tables of Energy Values of Feeds for Poultry (WPSA, 1989).

All procedures that were carried out with animals have been approved by the Lo-
cal Ethics Commission for experiments with animals.

Fig. 1. Roentgenogram and thermogravimetric analysis of pure hydrated monocalcium phosphate used 
in treatment I (with about 96% MCP)

cal Ethics Commission for experiments with animals.
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Fig. 2. Roentgenogram and thermogravimetric analysis of hydrated monocalcium phosphate (MCP) 
and monetite used in treatment II (with about 93% MCP)
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Fig. 3. Roentgenogram and thermogravimetric analysis of hydrated monocalcium phosphate (MCP) 
and monetite and calcite used in treatments III (with about 92% MCP)
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Experimental data
The body weight of birds of each replicate-cage was determined on days 1, 21 

and 35. Moreover, feed intake was recorded for the period of 1–21 and 22–35 days 
of age as well as for the whole experimental period. The feed mixtures were given 
twice a day in amounts that could be eaten completely in a short time. Mortality was 
recorded daily and reasons for mortality were analysed. 

On day 35 post-hatch all chickens were individually weighed, after which  
16 birds from each treatment (1 or 2 birds per replication) were randomly selected (in 
± average weight within replication). Birds were killed by cervical dislocation and 
both legs were cut off. The muscles were removed, and the femur and tibia bones 
were cleaned and stored for estimation of quality parameters (32 bones per treat-
ment). For mechanical measurements, 16 femurs and 16 tibias were used. The same 
number of bones was sampled for chemical analysis using procedures described by 
Kim et al. (2004) and Jamroz et al. (2004, 2007). Mechanical parameters such as 
breaking strength (maximal force causing break of bone) and deflection were deter-
mined in fresh bones using the Instron 5544 (USA) apparatus. The bone deflection 
was measured by a standard method, in which the force (F) was applied to the shaft 
of bone supported on both epiphyses, at L = 13 mm distance for estimations. The 
advance value of head during breaking force estimation on Instron apparatus was  
0.8 mm/min for bones of 35-day-old birds. Force (F) was increased up to the bone 
breaking moment. The elasticity coefficient F/h was calculated. On the basis of 
mechanical measurements, the maximal loading force Fn (force at break point), 
maximal bone deflection hn (deflection at break point), maximum bone deflection  
Un = hn/L and breaking work (work needed to break the bone) were calculated. The 
detailed technique of measurements was presented by Jamroz et al. (2004).

Bones were defatted in ether extract for 24 hours according to the Soxhlet method 
and dried at 45°C, and crude ash and the Ca, P and Mg content were determined. 

Chemical analytical methods
Analyses of the diets were carried out according to the standard AOAC (2005) 

methods: the nitrogen content by Kjeldahl method using a Kjeltec 2300 apparatus 
(Foss Tecator, Höganäs, Sweden); crude protein by multiplying the N-content by 
6.25; crude fat by ether extraction; crude fibre by the Henneberg-Stohmann method 
using a Fibertec Tecator apparatus (Sweden); phosphorus in phosphates, experi-
mental diets and bones was analysed after previous mineralization with nitric acid 
(HNO3) and perchloric acid (HClO4) by the ammonium vanadomolybdate method 
using a Specol 11 (Carl Zeiss Jena) spectrophotometer at a wavelength of 470 nm; 
calcium and magnesium in diets and bones were determined by atomic absorption 
spectrophotometry using AA 240 FS type apparatus (Candela).

The amino acids in dietary components and diets were determined analytically. 
The results of these analyses were applied in simplex optimization of amino acids 
content in feed mixtures and then determined in complete mixtures again.

The chemical composition of feed phosphates was assayed on the basis of the 
method described by the European Chemical Industry Council (Cefic) Brussels, 
Inorganic Feed Phosphates Quality. Total phosphorus content, expressed in oxide 
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form as P2O5 (Regulation 2003/2003/EC, method 3.2) was determined by gravi-
metric method using quinoline phosphomolybdate (dissolving samples in mixture 
(1:3 v:v) of hydrochloric acid (HCl; 1.19 Mol/dcm3) and nitric acid (HNO3; 1.4 Mol/
dcm3) in boiling temperature). Calcium in phosphates was determined after dissolv-
ing in nitric acid complexometric with disodium versenate (2.02 Mol/dcm3) by indi-
cator fluorexone with thymolphthalein. The solubility of phosphorus from inorganic 
phosphates was tested according to the methods recommended by the European 
Chemical Industry Council (Environmental Protection Agency, 2003). The follow-
ing characteristics were examined: solubility in water; solubility in 2% citric acid 
(Regulation 2003/2003/EC, method 3.1.3; temp. 20°C, 35–40 min., P-content de-
termined with gravimetric method using quinoline phosphomolybdate); solubility in 
0.4% HCl; solubility in ammonium citrate pH 7 (Regulation 2003/2003/EC, method 
3.1.5; temp. 65°C, alkaline citrate from bi-ammonium citrate, pH 9.4–9.7; 30 min. 
+ 60 min. by gravimetric method using quinoline phosphomolybdate).

Statistical analysis
Data were evaluated statistically by one-factorial ANOVA using StatSoft Sta-

tistica® computer software (2005). The differences for all parameters were tested 
according to the following statistical model: 

Yij = μ + ai + eij

where Yij means the variance associated with parameter a, μ is the overall mean, 
ai is the treatment effect (type of phosphate), eij is the error. The cage-replication 
measurements or individual data for blood and bone parameters were treated as the 
experimental units and differences between treatment means were analysed for sig-
nificance (P<0.01 or 0.05) using Tukey’s test. The data are presented as means and 
are accompanied by SEM. 

Results

The average body weight of chickens on days 21 and 35 post-hatch was similar 
in all treatments except treatment III (MCP with monetite and calcite) on day 21 
(P<0.05) as compared to other treatments. The average daily feed intake calculated 
for the period of 1–35 days was 70 g. This value was slightly lower in treatment III 
(P>0.05) (Table 3). Similar mortality of birds was observed in all treatments.

Table  3. Performance of chickens for the period of 1–35 days of life 

Item
Treatments Pooled 

SEMI II III
Body weight (g) 
     on  21st day of life 717 ab 732 a 704 b 5.951
     on 35th day of life 1857 1866 1829 12.380
Average feed intake during 1–35 days of life (g/day/head) 70.4 70.5 67.6 0.910
Mortality (%) 2.0 2.0 1.0

Differences between groups marked with a, b were significant at P<0.05.
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Table 4. Content of Ca, P and Mg and alkaline phosphatase activity in blood serum in 35-day-old 
chickens

Item
Treatments

Pooled SEM
I II III

Ca (mmol/l) 2.92 a 3.18 b 2.70 a 0.100

P (mmol/l) 2.91 a 3.07 b 2.91 a 0.001

Mg (mmol/l) 1.19 1.15 1.14 0.001

Alkaline phosphatase activity (U/l) 1822 a 2202 b 2183 b 76.35

Differences between groups marked with a, b were significant at P<0.05.

Table 5. Physical and strength parameters of femur and tibia bones in 35-day-old chickens 

Item
Treatments

Pooled SEM
I II III

Femur bone

Maximum breaking force  (N) 194.9 204.7 215.1 1.402

Elasticity (N/m) 1.21×105 1.17×105 1.28×105 0.92×103

Surface of cross-section at breaking 
point (mm2) 44.4 45.1 46.7 0.265

Young’s module (N/m2) 4.63×109 4.25×109 4.65×109 0.72×108

Tibia bone

Maximum breaking force  (N) 349.7 354.3 382.0 3.587

Elasticity (N/m) 2.39 ×105 a 2.54×105 a 2.93×105 b 0.30×104

Surface of cross-section at breaking 
point (mm2) 44.9 48.8 45.4 0.332

Young’s module (N/m2) 9.91×109 9.60×109 1.25×1010 0.19×109

Differences between groups marked with a, b were significant at P<0.05.

The blood serum parameters showed variability caused by the feed phosphates 
used. The significantly highest Ca concentration in blood serum was found in chick-
ens from treatment II (MCP with monetite) (P<0.05). The phosphorus level in se-
rum also was significantly higher in the same treatment (P<0.05) and that of Mg in 
treatment I (pure MCP) (P>0.05) (Table 4). The type of dietary phosphate caused 
differences in activity of alkaline phosphatase (E.C. 3.1.3.1.), which was significant-
ly higher in blood from chickens of treatment II and III (P<0.05). The mechanical 
parameters of femur and tibia were similar (Table 5). The best parameters of bone 
quality, although not significantly different (except elasticity in treatment III) were 
noted in treatment III, in which phosphates with other Ca compounds were applied 
in the diets. The chemical composition of bones can provide real information on the 
utilization of mineral substances in animal organism, but the results obtained did not 
confirm such expectation (Table 6). The type of phosphate used had a significant ef-
fect on crude ash content in femur bones. The highest amount of ash was determined 
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in bones of chickens of treatment I (P<0.05); similarly, the concentration of Ca and 
Mg in crude ash was the highest in treatment I. The differences in phosphorus con-
centration among treatments were found to be insignificant. In tibia ash content no 
differences as a result of phosphates used can be seen, but the incorporation of Ca, 
P and Mg into bones was significantly different in particular treatments, and the Ca 
and Mg content in tibia was greater in treatment I (P<0.01; 0.05, respectively). Simi-
larly to the femur bone, higher Ca content was determined in bones of chickens from 
treatments I and II and Mg in treatment I than in treatment III. Unclear convergence 
was observed between physical parameters and chemical composition of bones.

Table  6. Content of crude ash, Ca, P, Mg in femur and tibia bone in 35-day-old chickens 

Item
Treatments

Pooled SEM
I II III

  Femur bone

Crude ash (%) 41.5 a 39.9 b 39.9 b 0.300

Contents in ash (g/kg)

     Ca 206.9 a 201.2 a 192.5 b 1.442

     P 171.3 173.0 171.0 0.700

     Mg 7.3 a 6.6 b 6.7 b 0.102

Tibia bone

Crude ash (%) 40.2 39.3 39.6 0.007

Contents in ash (g/kg)

     Ca 202.6 a 200.5 a 193.9 b 1.095

     P 169.5 a 168.7 a 171.5 b 0.600

     Mg 7.1 A 6.2 B 6.3 C 0.101

Differences between groups marked with a, b were significant at P<0.05; with A, B, C significant at 
P<0.01.

Discussion

The investigations concerning evaluation of phosphorus sources and determina-
tion of chemical and biological value of feed phosphates were already conducted 
for many years (Baruah et al., 1958), but still are carried out today (Rodehutscord, 
2009). Our own extensive study was focused not only on the physicochemical prop-
erties of feed phosphates, including the solubility in different solvents, but also on 
the parameters that rarely are taken into consideration in biological investigations. 
The crystalline phases of phosphates were evaluated using X-ray irradiation and the 
percentage of hydrated and dehydrated phases was assayed thermally. In our own in-
vestigations over 340 production batches of feed phosphates were analysed (Jamroz 
et al., 2010). These studies have shown that the mono- and dicalcium phosphates dif-
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fer in the solubility parameters to a small degree only. However, greater differences 
were found in purity and crystalline phase. The biological implications of recognized 
crystalline structure of different feed phosphates are unknown. Such questions were 
the basis of the current study in which different types of phosphates were introduced 
into diets for young chickens. Three typical types of phosphates: pure MCP (I) or 
MCP with monetite (II) or MCP with monetite and calcite (III) were chosen for 
biological assays. In the present study a significant decrease in body weight was 
stated only in 21-day-old chickens from the treatment in which MCP with three 
other components was applied in mixture. In both feed intake and conversion indi-
ces, only small differences among treatments were stated. In the current study the 
concentrations of Ca and P in blood serum were highest in chickens of treatment 
II (MCP with monetite), but these significant differences among treatments do not 
clearly reflect the real value of analysed phosphates. Other authors reported that the 
substantial differences in opinions and interpretation of P-availability depended on 
its source (Gillis et al., 1954; Baruah et al., 1958; Sullivan et al., 1992; Coffey et al., 
1994; Ravindran et al., 1995; De Groote and Huyghebaert, 1997; Lima et al., 1999; 
Bleux et al., 2002; Rodehutscord and Dieckman, 2005). Different methods used in 
estimation of P-availability cause that direct comparison of our own results with 
data presented by other authors is almost impossible. The development and chemi-
cal composition of bones remains in close relationship to the type of phosphorus 
source and its level in the diets (Orban et al., 1999; Rath et al., 2000; Jamroz et al., 
2001, 2004, 2007; Hemme et al., 2004; Almeida et al., 2005; Tatara et al., 2006; 
Krawczyk et al., 2007; Onyango and Adeola, 2009). In the present study the different 
composition and purity of MCP was associated with some changes in bone breaking 
force, which was lower in chickens from treatment I (pure MCP) as in other treat-
ments (MCP with monetite or with monetite and calcite). The type of phosphorus 
source had no clear effect on other characteristics of bones related to their quality 
and chemical composition.

In conclusion, the body weight on 35th day of life, feed intake and also me-
chanical parameters of bone quality were slightly affected by the type of hydrated 
monocalcium phosphates used. Higher Ca and P concentration in blood was stated 
in chickens fed diets with greater purity of phosphates, but the activity of alkaline 
phosphatase in blood increased in chickens fed diets with phosphates and Ca com-
pounds. The best parameters of bone quality were found in treatments in which MCP 
with Ca compounds were used. Higher concentration of both Ca and Mg in bone was 
determined in chickens fed diets with pure phosphates.
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Chemiczna i biologiczna charakterystyka uwodnionych fosforanów jednowapniowych w dietach 
dla kurcząt rzeźnych 

STRESZCZENIE

Trzy rodzaje uwodnionych fosforanów jednowapniowych różniących się czystością (zawierających 
monetyt lub monetyt i kalcyt) i strukturą krystaliczną wprowadzono do diet kurcząt brojlerów. 
Rejestrowano wskaźniki produkcyjne, koncentrację Ca, P i Mg i aktywność fosfatazy alkalicznej  
w osoczu krwi, koncentrację tych składników w kościach oraz parametry fizyko-mechaniczne kości 
udowej i piszczelowej. Masa ciała w 35. dniu życia, średnie pobranie paszy, a także mechaniczne 
wskaźniki jakości kości podlegały małej zmienności w zależności od rodzaju zastosowanych fosforanów. 
Wyższą koncentrację Ca i P w surowicy oznaczono u kurcząt żywionych mieszanką zawierającą fosforany  
o większej czystości, natomiast aktywność fosfatazy alkalicznej była najwyższa przy zastosowaniu fos-
foranu z domieszką CaHPO4 (monetyt) oraz CaCO3 (kalcyt). Najkorzystniejsze parametry jakości kości 
wystąpiły u kurcząt z grupy, w której zastosowano fosforany z największą ilością domieszek. Wyższą 
ilość Ca i Mg oznaczono w kościach kurcząt żywionych mieszanką zawierającą czysty fosforan jed-
nowapniowy.


