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  INTRODUCTION 
Phosphorus (P) is a vital mineral that cannot be replaced by 
any other nutrient in the diet. However, it is a costly min-
eral supplement and is typically the second or third highest 
cost component of all dietary supplements, following en-
ergy and protein supplements (Satter et al. 2005; Moe, 
2008). P is an essential component of intermediates in cen-

tral and energy metabolism, signaling molecules, and struc-
tural macromolecules like nucleic acids and phospholipids. 
Mainly P is involved in carbohydrate metabolism, fat me-
tabolism, amino acid metabolism and serves as a structural 
component in high energy compounds such as adenosine 
triphosphate (ATP) and adenosine diphosphate (ADP) 
(Westerblad et al. 2010). It is vital in maintaining the stan-
dard blood chemistry, nervous tissue metabolism, transport- 
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tation of lipids and fatty acids. Calcium and P are the major 
structural components of the animal's skeletal system and 
comprise a 2:1 ratio within the animal’s body (Suttle, 2010; 
Adedokun and Adeola, 2013).  

The major dietary P sources for animals are plants and 
inorganic P. Ruminants can utilize plant-based P sources 
efficiently, but poultry and other non-ruminants cannot util-
ize them effectively (Cromwell, 2005; Shastak et al. 2012). 
Moreover, as the main ingredients of a non-ruminant diet 
mainly constitute of cereal grains and their by-products, the 
total bioavailable P content in the diet is poor (Garg et al. 
2014; Bhanderi et al. 2016).  

Animal-based P sources such as meat and bone meal 
have relatively high bioavailability compared to plant 
sources though there were some biosafety issues and legal 
issues in their use. This policy increases the demand for 
inorganic feed phosphates (Kiarie and Nyachoti, 2010). 
Thus, additional P supplements should be added to the feed 
to full fill the requirement of those animals only fed on 
plant-based sources. Presently, these additional require-
ments come from inorganic P sources such as dicalcium 
phosphate (DCP), monocalcium phosphate (MDP), mono-
calcium phosphate (MCP), and defluorinated phosphate 
(MDP and MCP) (Lamp et al. 2020).  

A significant source of inorganic feed phosphate is de-
rived from rock phosphate, but this natural resource is lim-
ited and rapidly dwindling due to continuous demand and P 
wastage and loss caused by improper handling (Edixhoven 
et al. 2014; USGS, 2021). Excessive dietary P concentra-
tions increase costs and wastage in animal feed as it is ex-
creted in faecal matter, leading to environmental pollution 
(Li et al. 2016). A deeper understanding of P metabolism 
and specific P requirements in farm animals will help main-
tain the sustainable use of P in animal husbandry. This 
study looks at the specific requirements of P in poultry and 
cattle by focusing on the homeostasis process of P to avoid 
overfeeding and deficiency (Edixhoven et al. 2014; USGS, 
2021).  

 

Role of phosphorus in the body 
Calcium is the most abundant mineral in the body but 
phosphorus plays a close second, but significant next to Ca 
as bones are a major reservoir for body phosphate. In 
bones, 80% of P is stored in the form of hydroxyapatite 
[Ca10 (PO4)6(OH)2] and the remaining 20% is in the soft 
tissues and serum phosphate (Pi) (Blaine et al. 2014). Pi in 
serum is in the form of inorganic orthophosphates. Inor-
ganic phosphates can be either dibasic (HPO4

2-) or monoba-
sic (H2PO4

-). The serum in dibasic form is about 80%, 
whilst monobasic is around 10%. P circulates in the blood 
as free ions, bound to Na+, Mg2+, Ca2+ or bound to proteins 
(10-20% of serum phosphate). Other than this, Pi is bound 

to organic compounds such as protein, lipid DNA and RNA 
(Blaine et al. 2014).  

Blood Pi is an unreliable indicator of body stores since 
the level can vary due to several factors other than meta-
bolic changes. The age, sex, genetic selection, ambient 
temperature changes during management and dietary sup-
plementation of nutrients can affect blood Pi levels 
(Whitehead, 2002; Bar et al. 2003). In younger animals, 
serum Pi is higher in concentration due to the growth hor-
mone effect, increasing P's reabsorption in the kidney. On 
the other hand, feeding carbohydrates reduces the serum Pi 
due to increased glycolysis. The animal-based diet in-
creases serum phosphate due to high P content (Lanyon, 
2005).  

Pi enters the metabolism via non-dedicated pathways, 
whilst P enters the metabolic pathway mainly through ATP 
synthesis. ATP is synthesized from ADP with the incorpo-
ration of high energy Pi. Pi is transported during glycolysis 
and in the Krebs cycle, ensuring the transfer of P to other 
phosphorylated intermediates (Hinkle, 2005). Most of these 
intermediates are involved in many of the anabolic and 
catabolic functions of the body. Also, P intermediates in 
glycolysis provide primary substrate to nucleotide, carbo-
hydrate, protein and lipid synthesis (Boros et al. 2002). P is 
essential for animals' reproductive performance and is nec-
essary to obtain higher production performances (Wu et al. 
2007; Ibtisham et al. 2018).  
 
Role of P in cattle 
The P metabolism in ruminants differs from poultry and 
other mono-gastric animals. Ruminants utilize a large 
amount of phytic P than non-ruminants due to the presence 
of microbes in the rumen. Microbial phytase secretion can 
digest around 90% of phytic P in forage and grain-based 
diets (Karn, 2001). In addition to the dietary P, intrinsic P 
from gastric secretions also contributes to meeting rumi-
nants' P requirement. Salivary P act as a crucial buffer in 
the rumen to enhance microbial digestion (Puggaard et al. 
2011). In addition, a smaller amount of endogenous Pi, 
around 30% of the body P requirement (Humer and Zebeli, 
2015), is released with gastric, pancreatic juice, bile and 
intestinal fluid. When dietary P is high, it is absorbed into 
the small intestine via passive absorption (Singh et al. 
2018). 

The P requirement of the dairy cattle will be estimated 
based on the requirement for maintenance, milk production, 
growth, and fetal growth. P requirement for maintenance is 
related to body weight and dry matter (DM) intake of the 
animal. In a dairy cow, this is equal to 1g P/kg DM intake 
plus 0.002 g P/kg bodyweight (Satter et al. 2005). P re-
quirement for maintenance can be calculated using the 
equation developed by the AFRC (1993) given below. 
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P (g d-1)= (1.2+(4.635×MW0.22)×(BW-0.22)) × WG 
 
Where:  
P: P requirement per day. 
MW: expected mature live body weight.  
BW: current body weight.  
WG: weight gain (kg/d). 
 

P requirement for growth of dairy cow is equal to P de-
posited in the body during growth. In dairy cows, P re-
quirement during the gestation period varies with fetal de-
velopment. The requirement reaches an optimum level dur-
ing the last three months of the gestation period (Cavestany 
et al. 2005; Kovacs, 2014). It is estimated that the P re-
quirement on the 190th day of pregnancy is 1.9 g P/day and 
will increase up to 5.4 g P/day on the 280th day. P require-
ment for milk production in the meantime is equal to P pre-
sent in the milk. P makes a complex with milk protein (ca-
sein) present in the milk. Milk contains 4% crude protein 
and contains 1.04 g P/kg milk. During early lactation, a 
dairy cow weighing 600 kg needs 1000 g of P (NRC, 
2001). It is noted that during the lactation period, the daily 
dietary requirement of P is 0.32-0.38% P in feed (dry mat-
ter (DM) basis). Dry cows require 0.22-0.26% P in feed on 
DM basis (Satter et al. 2005). Researchers have shown that 
P supplement improves the reproductive performance in 
dairy cattle. When it comes to beef cattle, the P requirement 
for maintenance is 16 mg/kg of body weight (Wu et al. 
2001). For efficient growth, 3.9 g P is needed for each 100g 
of retained protein. Thus, the beef cow needs 6.2-8.3 g 
P/day for its maintenance during the gestation period, so 
that it gets 7.6 g/kg for a calf with a birth weight of 35 kg 
(Satter et al. 2005). During the lactation period, 0.95 g ab-
sorbed P is needed to produce 1 kg of milk in beef cattle. 
Beef cows with a bodyweight between 300-600 kg need 15-
16 g P to meet body requirements. According to the NRC 
(2001) recommendations, beef cattle producing 5-14 kg 
milk/day consuming a wide range of energy supplements 
will deliver 0.11-0.24% dietary P (DM basis) to meet daily 
body requirements (NRC, 2001; Satter et al. 2005). 

When the dietary P is extremely low, it can inhibit- mi-
crobial growth, leading to reduced protein and energy sup-
ply to the host animal. However, when it is in excess, it is 
simply excreted in the manure. Research shows that over 
95% of excess P is excreted with faeces. Faecal matter con-
taining 25-50% of microbial origin P from gut microbial 
fermentation (Wu et al. 2001). If the P supplemented 
through the diet is extremely high, urinary P also reaches a 
high level. Pi content in the blood serum is maintained at 
1.3-2.6 mM under normal conditions and below 1.3 mM 
when P is deficient.  

Despite this, plasma Pi is not a significant indicator of P 
status in ruminants (Lopez et al. 2004). 

Bones serve as a reserve for P when dietary supplement 
of P is low. In early lactating beef cows, 30% of bone P is 
mobilized to meet the P requirement of animals. Deficiency 
in P in cattle mainly causes due to poor quality forage sup-
plements. A deficiency causes weak and broken bones and 
poor growth (Wu and Satter, 2000; Wu et al. 2000) and 
severe deficiency can lead to a condition called aphosphor-
osis. Animals with this disease condition desire to eat 
wood, bones, rock, and other P containing materials. Dur-
ing the acute stages, animals develop stiffness and lameness 
in the front quarters. Deficiency is also attributed to a re-
duction in milk production and calf weaning weight (Karn, 
2001).  
 
Role of P in poultry 
P is a fundamental structural element of the skeleton next to 
Ca. Bones store around 85% of the total P content in the 
body. The rest is in the body fluid as inorganic P; in this 
10% of inorganic P is in the blood (Adedokun and Adeola, 
2013). P concentration in the blood of healthy birds is 35-
45 mg/100 mL of blood (Patterson et al. 2005). In poultry, 
P is essential to attain optimum genetic potential and de-
velop the body frame. In addition, P is compulsory for egg 
production in the bird. Multiple factors affect birds' Ca and 
P requirements such as; genotype, age of birds, feed ingre-
dients, Ca and P origins, growth performance, egg produc-
tion, and egg quality (Pelicia et al. 2009; Jiang et al. 2013). 
Unlike ruminants, poultry species cannot optimize phytic P 
efficiently. Plant-based P sources contained around 70% 
phytic P; thus, most poultry relies on other P sources to 
fulfil their requirements. Even in poultry excess supplemen-
tation of Ca and P is expelled through faecal matter (Li et 
al. 2017). 

The minimum requirement of P in chicks is 0.5%/kg DM 
and the ratio of Ca to P should be 1.0:1.0 to 2.2:1.10. The 
requirement of Ca and P in broilers in the early stages of 
growth are (day 1-14) 6.5 g/kg of DM and 3.5 g/kg of DM 
in feed (Bailey, 2020). Later on (day 15-21), the bird will 
need 3.0 g of P/kg of feed and 6.0g of Ca/kg feed. For lay-
ing hens, 1.8 g of P/kg feed is needed for egg production 
from 23 to 47 weeks (Li et al. 2017). Deficiency in P af-
fects the bone quality of the broiler, and the main conse-
quence of this is rickets and growth failure. Soft bones, 
nails, and beaks were observed in birds affected by rickets. 
Due to the reduced rigidity of bones, crooked backbone and 
sternum, bending of ribs will occur, finally leading to the 
bone being bent and broken. Birds are not able to bear their 
body weight due to weaker bones, walking becomes pain-
ful, eventually leading to reduced bird performance (Dinev, 
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2012). Apart from the economic implications, Ca and P 
imbalances impact chicken welfare (Driver et al. 2005). 

Deficiency in cholecalciferol, Ca, and P is associated 
with leg disorders, which becomes severe as the bird ages 
(Edwards Jr, 2002; Bar et al. 2003). Deficiencies in the 
growing stage can cause clinical leg bone abnormalities and 
lameness and these effects are irreversible even if P is sup-
plemented later in the diet. Further abnormalities in the 
cartilage can cause more serious welfare problems such as 
osteomyelitis and femoral head necrosis due to bacterial 
infections (Whitehead, 2002). The short-term lack of P de-
ficiency will not influence the energy metabolism; instead, 
P will be released by the bones and soft tissue for resorp-
tion. Resorption from bone and soft tissue causes urinary 
loss of P. In severe P deficiency can lead to weakness, loss 
of appetite and bone development abnormalities (Bar et al. 
2003). 
 
Phosphorus homeostasis in animal 
Ca and P ratio is a crucial factor in P metabolism. Pi enters 
the bloodstream from dietary Pi, P from bone, and renal 
reabsorption. P from dietary sources is immediately stored 
after absorption (Pirgozliev et al. 2008). P absorption from 
the diet is unaffected even when dietary P is excessive. P 
resorption from skeletal remains is also unaffected by die-
tary P intake. P Source available in the gut can be either 
dietary P or endogenous P. Endogenous P are P sources 
from the body itself (De Matos, 2008). It can reach the gut 
as digestive secretions such as saliva and secretions from 
the intestine diffusion from plasma. Endogenous P is mixed 
well in the gut and absorbed into the intestine similarly to 
dietary P. Excess P will eventually be excreted from the 
body through faeces, urine, and sweat. In ruminants, P ex-
cretion occurs mainly through faecal matter. In other spe-
cies, urine is the prime source of excretion (Li et al. 2016).  
Dietary Pi intake takes place in the small intestine, where a 
higher rate of abortion occurs in the upper and lower jeju-
num. P absorption can occur by active transportation (60-
70%) or facilitated diffusion. Absorption can be either a 
Na-dependent or Na-independent pathway (Sabbagh et al. 
2009; Segawa et al. 2009). Na dependent pathways are not 
affected by Ca concentration, and Na- independent path-
ways occur when P concentration is high in digesta 
(Sabbagh et al. 2009).  

A higher P concentration in digesta induces the para-
cellular transportation of P ion along with intercellular 
spaces from lumen to blood. The postprandial pathway 
mainly responds to this type of P transportation. Na-
dependent P absorption in the meantime occurs through Na-
dependent co-transporters. The translocation occurs across 
the cell and efflux at the basolateral membrane. NaPi co-
transporter type IIb (NaPi-IIb) in the brush border of the 

ileum is responsible for the Pi Na-dependent pathway. 
NaPi-IIb co-transporters are significantly less in the duode-
num and jejunum (Murer et al. 2000; Takeda et al. 2004; 
Adedokun and Adeola, 2013; Li et al. 2016). Na absorbs 
actively from digesta along with a large net water intake. 
During this process, Pi and Ca are concomitantly absorbed 
passively down their concentration gradient. The Na gradi-
ent in the brush border is maintained by - Na-K ATPase, 
making P reabsorption indirectly energy-dependent 
(Proszkowiec and Angel, 2013).  

Phosphorus homeostasis is deeply correlated with Ca and 
vitamin D. Skeletal (bones), renal, and intestine are the 
three major organs that regulate the homeostasis of Ca and 
P (Deluca, 2004). The endocrine system mainly controls P 
homeostasis function. The amount of Ca and P available for 
metabolism is reflected in the rates of intestinal absorption, 
bone accretion and resorption, glomerular filtration, renal 
tubular reabsorption, and endogenous intestinal losses (Li et 
al. 2017). 

Endocrine controls of Pi and Ca is primarily regulated by 
the parathyroid hormone (PTH) and the hormonal form of 
vitamin D3 (1,25(OH)2D3) (Renkema et al. 2008). Recent 
studies show that the fibroblast growth factor 23 (FGF 23) 
and Klotho are in conjunction with parathyroid and vitamin 
D3, and it strictly regulates the Ca and P balance in the body 
(Shimada et al. 2003; Rowe, 2004). FGF 23 is produced in 
the bone, and it reduces renal reabsorption of P and sup-
presses the renal formation of calcitriol. Klotho, in the 
meantime, acts as a membrane-bound co-receptor for 
FGF23. In addition, estrogen also takes part in Ca and P 
metabolism in layers. For example, estrogen increases duo-
denal absorption of Ca and mobilization of labile Ca from 
medullary bone to form eggshells (Dacke et al. 2015). 

Key determinants in Pi homeostasis are the glomerular 
filtration rate and tubular reabsorption rate. Free Pi in se-
rum filtered by the glomerulus and reabsorbed in renal tu-
bule-trans cellular via the Na-dependent pathway depends 
on the electrochemical gradient present for Na+. Active Pi 
absorption occurs in the kidney via Na-dependent Pi co-
transporters, NaPi-IIa, and NaPi-IIc (Sabbagh et al. 2009; 
Marks et al. 2010; Proszkowiec and Angel, 2013). Figure 1 
describes the mechanism of maintaining plasma Pi concen-
tration in the animal body when it fluctuated over the level.  
Disturbances to Ca and Pi homeostasis is linked to patho-
physiological disorders, including chronic renal insuffi-
ciency, kidney stone formation, and bone abnormalities 
(Marks et al. 2010). Serum Pi concentration thus needs to 
be strictly maintained within a specific range. Furthermore, 
the quantities of Ca and P available for metabolism reflect 
intestinal absorption rates, bone accretion and resorption, 
glomerular filtration, renal tubular reabsorption, and en-
dogenous intestinal losses (Pines and Reshef, 2015). 
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Sources of phosphorus for animals 
Phosphate sources for animals can be categorized into 
plant-based sources, animal-based sources, and inorganic P 
sources. Natural P sources combine with various elements 
such as oxygen (O), calcium (Ca), chlorine (Cl), and fluo-
rine (F) (Abouzeid, 2008) in different forms and ranges. 
The reactivity of P thus can vary according to its chemical 
composition. The composition and structure of the P source 
affect the availability of digestible P in different sources 
(Ajakaiye et al. 2003).  

Plant material plays a primary role in animal nutrition. 
Phosphate in plant martial contains around 0.09-1.09% of 
P, mainly in the form of phytic P (Humer and Zebeli, 
2015). An animal’s ability to utilize the phytic P differs 
substantially from species to species. As already discussed, 
ruminants can digest phytic P due to the nourished micro-
bial content in the rumen. However, non-ruminants have 
limited ability to digest the phytic P unless it is supplied 
with extrinsic phytic acid. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Phosphorus homeostasis in animals 

 
Plant material present with intrinsic phytic acid has 

shown P bioavailability up to some extent. For example, the 
bioavailability of P in soybean meal, rice bran, wheat bran, 
and corn are respectively 30-50%, 25%, 29%, and 20% 
(Selle et al. 2003). 

Animal sources of P are obtained from fish, meat, and 
bone meal. Good quality fish and meat meals contain 22 
g/kg, 29 g/kg of P, and bone meals contain a high P concen-
tration of around 60 g/kg. The use of animal-based phos-
phorus supplements has been restricted due to the risk of 
contamination, especially regarding zoonotic diseases (Li et 
al. 2016).   

Inorganic phosphorus is one of the other major categories 
which offer high digestible P apart from plant origins. 
Therefore, inorganic P has been widely used for P supple-
mentation in animal husbandry. Poultry accounts for ap-
proximately 50% of the animal inorganic feed phosphate 
consumption worldwide (Neset and Cordell, 2012). Feed 
grade inorganic phosphate is mainly produced by treating  
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rock phosphate under different conditions to remove con-
taminants. The main advantage of feed phosphate is obtain-
ing the Ca and P ratio for better bioavailability in animals. 
Monocalcium phosphate, dicalcium phosphate, calcium 
sodium phosphate, monosodium phosphate, and diflouri-
nated phosphate are some feed phosphate sources available 
for feed formulation (Bikker et al. 2016). Almost 99% of P 
in monocalcium phosphate and dicalcium phosphate is 
bioavailable (Viveros et al. 2002).  
 
Recent concerns in phosphorus feeding  
Excessive P in feed increases the excretion of faecal and 
urinary P into the environment, which leads to pollution 
and eutrophication of water bodies (Smith and Alexander, 
2000; Elser et al. 2007; Vasconcelos et al. 2007). At the 
same time, inorganic phosphate sources around the world 
are fast depleting. It assumed that naturally available rock 
phosphate would be depleted by 2050 (Herrera and Lopez, 
2016). Thus, focus has been turned to better utilization of P 
by optimising available P at the optimum level and recy-
cling and reusing waste containing P for better production. 
In agriculture, P is wasted as faecal and urinary phosphorus 
from animal husbandry. P wastage in animal husbandry 
occurs mainly due to poor nutritional management (Jama-
Rodzeńska et al. 2021).  

Other inorganic forms of dietary Ca and P are more effi-
ciently used by animals when compared to Ca and P, which 
exist in organic forms. Phosphorus availability in plant 
sources lacks intrinsic phytase, which reduces the bioavail-
ability of organic phosphorus in plants. Studies show that 
the bioavailability of P in plant sources varies between 10-
60% (Knowlton et al. 2004). Apart from phytic phospho-
rus, a major P source for animal production is inorganic 
phosphorus and these too differ from each other in their 
absorbability. Orthophosphates (PO4

3-) are better absorbed 
than metaphosphates (PO3

2-), and both have better absorb-
ability than pyrophosphates (P2O

7) (Jama-Rodzeńska et al. 
2021). 

Recent studies have focused on feeding P to animals in 
highly bioavailable forms from organic and inorganic 
sources. The bioavailability of phytic P in plant sources like 
grains and seeds can be increased by adding extrinsic phytic 
enzymes to cleavage the organic-P complex. Supplementa-
tion of microbial phytase in processing techniques is an-
other alternative approach to reduce phytase contents 
(Knowlton et al. 2004; Humer and Zebeli, 2015). Commer-
cially, fungi and bacterial-derived phytase are used in feed 
formulation for this purpose (Selle and Ravindran, 2007). 
Present studies also focus on feeding P as nano-particles to 
increase its dietary absorption and bioavailability 
(Matuszewski et al. 2020). Nano-particles have higher 
physical activity and chemical neutrality. Therefore, the 

process increases the surface area of P for enzyme activity 
and absorption by producing P as nano-particles (Patra and 
Melody, 2019). Also, recent studies demonstrate the syn-
thesis of nano-particles by beneficial microbes and the pro-
duction of short-chain fatty acids (Matuszewski et al. 
2020). 
 

  CONCLUSION 

Ca and P is the most abundant mineral in the animal body. 
P possesses a key role in energy metabolism, cell signaling, 
and forms the backbone nucleic acids. P is a vital mineral 
and is considered the third most costly component in feed. 
Feed P can be phytic/organic P or inorganic P. Feeding 
animals with sufficient amounts of P with Ca and Vit-D 
increases the absorption of dietary P. Feeding sufficient P 
to animals improves bone health, product quality and re-
productive performance. The requirement of P varies with 
the species and production parameters of the animal. Identi-
fying an animal’s special requirements and feeding them 
with a source of good quality P improves efficiencies in 
animal husbandry and reduces its environmental impact. 
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