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  Introduction

  In chronic kidney disease, phosphorus is not excreted 
from the body leading to secondary hyperparathyroid-
ism and elevations in fibroblast growth factor-23. Hyper-
phosphatemia also leads to vascular calcification, which 
results in an increased risk for cardiovascular events and 
therefore has a negative effect on survival  [1, 2] . Abnor-
mal mineral metabolism starts in early renal failure even 
before there are elevated serum phosphorus levels. In the 
early stages of chronic kidney disease, hyperphosphate-
mia is associated with a faster progression of chronic kid-
ney disease. In animal studies, phosphate added to ani-
mal fodder was shown to accelerate aging, muscle and 
skin atrophy, progression of renal failure and cardiovas-
cular calcifications  [3] . In theory, a low phosphate diet 
and/or intake of phosphate binders help prevent these 
sequelae.

  Despite these efforts and phosphorus removal by di-
alysis, patients still have difficulties controlling their 
phosphate levels. The renal diet is a very difficult diet to 
follow. Restrictions of sodium, potassium, fluid, and 
phosphorus leave little room to choose from especially 
healthy foods. The Kidney Outcome Quality Initiative 
guidelines of the National Kidney Foundation recom-
mend patients on maintenance hemodialysis to con-
sume 1.2 g protein/kg/day  [4]  This high protein recom-
mendation is most likely to follow a greater phosphate 
intake.
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  Abstract

  Organizations such as the National Kidney Foundation, the 
American Kidney Fund, the National Institute of Diabetes and 
Digestive and Kidney Diseases, and the US Department of 
Health and Human Services recommend not including whole 
grains as part of the renal diet. The rationale for this recom-
mendation is the high phosphorus content in these foods. 
While the phosphorus content in whole grains may be indeed 
high, it is covalently bound to organic molecules (primarily 
phytate) and requires the enzyme phytase to be released and 
become available for absorption. While some phytase is con-
tained in some whole grains (corn, oats, and millet have little 
to no phytase activity), the enzyme is decreased in milling, 
food preparation and over time. Since the human intestine 
does not express phytase, the enzyme required for the release 
of phosphorus from phytate is not present in the intestinal 
lumen when ingesting cooked food. Consequently, the bio-
availability of phosphorus from whole grains is low. For the 
reasons presented here we believe that the ‘grain ban’ in the 
diet for kidney patients should be reconsidered. By doing this, 
the kidney diet would be enriched and it would provide need-
ed fiber along with its health benefits, diversify the diet with 
low sodium choices, and possibly provide adequate protein 
without increasing phosphorous levels.
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  In the early days of the renal diet, phosphate restriction 
was not considered. The renal diet of the 1960s concerned 
itself with a 60-gram protein restriction, a potassium re-
striction, no added salt (except in cooking) and a fluid 
restriction of 500 ml plus output. In the 1970s, protein 
was increased along with increased attention to phospho-
rus restriction with the emphasis on dairy, legumes, or-
gan meats and eventually whole grains.

  The two main sources of dietary phosphorus are ‘or-
ganic phosphorus’ and ‘inorganic phosphorus’ ( table 1 ). 
Organic phosphorus is hydrolyzed in the intestinal track 
and then absorbed as inorganic phosphate. It is associ-
ated with protein-rich foods such as dairy, meat, fish, and 
eggs. Another source of organic phosphorus is that 
bound to phytate. Phytate-rich foods include whole 
grain, legumes and nuts. The phosphorus bound to phy-
tate in whole grains is not so easily hydrolyzed in the gut 
since humans lack the enzyme phytase. The organic-
bound phosphorus of meat and dairy has a gastrointesti-
nal absorption rate of 40–60%  [5, 6]  whereas that of 
phosphorus bound to phytate is 20–50%  [7] . The other 
source of phosphate is ‘inorganic phosphorus’, which is 
found primarily in processed foods; it is added to en-
hance appearance and shelf life. The complexity of phos-
phate in food is further increased by phosphate enhanc-
ers (‘additives’) added to meat. Phosphate enhancers are 
inorganic phosphates which are avidly absorbed in the 
intestines (bioavailability of 90–100%)  [6]  and therefore 
may substantially contribute to the phosphate load. In 
the US, these phosphate additives in meats are not indi-
cated on food labels, so people have no way of knowing 
if and how much phosphates are added  [8] . Phosphate 
additives are used extensively in the food industry. They 
are common in popular less expensive foods and there-
fore can contribute to the phosphate load furthermore. 
Despite the high content of phosphorus in plant foods, 
its actual intestinal absorption may be less than from an-
imal-based sources when expressed per gram of protein. 
Even though it is known that phosphates in whole grains 
are bound to phytate and unavailable for human intesti-
nal absorption, the content of phosphate in whole grains 
seemed to hold more weight. Still, to this day, the Amer-
ican Kidney Foundation, the American Kidney Fund, the 
Academy of Nutrition and Dietetics, and the Mayo Clin-
ic all recommend avoiding whole grains due to its phos-
phate content. However, as we will show in this present 
work, this notion is based solely on the content of phos-
phorus in these foods and ignores the importance of 
phosphorus bioavailability.

  Table 1.   Composition of nutrients

 Nutrient  Size, g   Amount per 100 g 

 en ergy, 
calories 

 PO 4 ,
  mg 

 K,
  mg 

 fiber,
  g 

 Whole grains 
 Barley, pearl  100  352  221  280  16 
 Brown rice  100  370  333  223 4 
 Bulgur  100  342  300  410  18 
 Buckwheat 1   100  342  319  320  10 
 Farro  100  340  406  426  10 
 Millet  100  378  285  195 8.5 
 Oats  100  389  523  429  11 
 Quinoa 1   100  368  457  563 7 
 Spelt  100  338  401  388  11 
 Wheat berries   100  327  288  363  12 
 Wild rice  100  357  433  427 6 
 Whole grain flour  100  332  323  394  13 
 Chia seed 1   100  489  860  407  34 

 Nuts 
 Almonds  100  579  481  733  13 
 Peanuts, Valencia  100  570  336  332 9 
 Walnuts  100  654  346  441 7 
 Cashews  100  553  593  660 3 
 Macadamia  100  718  188  368 9 
 Pine nuts  100  673  575  597 4 

 Dairy 1  

 Cheddar cheese  100  403  512 98 0 
 Amer. cheese spread  100  176  931  250 0 
 Swiss cheese  100  380  567 77 0 

 Seafood 1  

 Shrimp  100 99  237  259 0 
 Frozen shrimp  100 99  n/a 2   n/a 0 
 Atlantic cod  100 82  203  413 0 

 Meat and eggs 1  

 Chicken breast  100  165  228  256 0 
 Beef  100  265  201  326 0 
 Egg, large  100  142  191  134 0 

 Beverages 
 Cola  240 ml  136 37 7 0 
 Ginger ale  240 ml  124 0 4 0 

  The size refers to the mass (g) of dry (uncooked) foodstuff. 
Phosphate bioavailability varies between foodstuff, in whole grains 
and nuts it is 20   –   50%; in dairy, seafood (except for frozen shrimp), 
meat, and eggs it is 40–60%, and in processed food (sodas, cheese 
spread, and frozen shrimp) it is 90   –   100%.

   1  Complete protein (containing all 8 essential amino acids).
   2  Sodium tripolyphosphate is added to frozen shrimp to retain 

its moisture and to de-shell the shrimp  [37] . 
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  Biochemistry and Physiology of Organic Phosphate 

in Whole Grains

  Myo-inositol-1,2,3,4,5,6-hexakisphosphate (Ins P6 or 
phytic acid,  fig. 1 ) is the major storage form of phospho-
rus, energy and minerals in seeds and other plant tissues. 
During germination, phytate is hydrolyzed, and phos-
phate and other minerals become available for the devel-
opment of seedlings. Phytate is heat stable    [9]  but can be 
degraded in food processing, such as fermentation or the 
aid of exogenous phytases, which can reduce phytate  [10, 
11] . Sourdough fermentation has been shown to reduce 
phytate more effectively than yeast-fermented bread  [12] . 
Phytases (myo-inositol hexaphosphate phosphohydro-
lase: EC 3.1.3.8 and EC 3.1.3.26) are a subgroup of phos-
phorolytic enzymes that catalyze the release of phosphate 
from phytate ( fig.  1 ) and hydrolyzes the complexes 
formed by phytate and metal ions or other cations, ren-
dering them more soluble, ultimately improving and fa-
cilitating their intestinal absorption. Phytases are found 
in plants (EC3.1.3.26), microorganisms (EC3.1.3.8) and 
in animal tissue  [13–15] . Exogenous phytases are mostly 
used in animal feed to reduce phosphate pollution of an-
imal waste. The World Health Organization has only re-
cently established that the 3-phytase from  Aspergillus ni-
ger  is safe for use in and with food for humans and for 
consumption. Nevertheless, most whole grain products 
are processed or heat treated during food production or 
preparation, and in these processes, phytases are most 
likely inactivated to a large extent  [16] . Daily phytate con-
sumption varies among people around the world. West-
ern style diet varies from about 0.3–2.6 g/day to a global 
range of 0.18–4.57 g/day  [17] . Vegetarian diets naturally 
have higher consumption of phytate. Phytate consump-
tion has been linked to beneficial properties, including 

being a natural antioxidant  [18] , having anticancer ac-
tions  [19] , preventing renal stones  [20] , and improving 
blood cholesterol and blood glucose control  [21] .

  Whole Grains in Human Food and the Renal Diet

  Whole grains have been part of the human diet for 
about 10,000 years. In many cultures, whole grains are the 
staple of diets. They can provide 60–70% of total caloric 
intake. Rice has been around for the past 7,000–10,000 
years. Prior to the Industrial Revolution, rice as well as 
other grains were originally hulled/polished and or 
ground manually, which meant that it was only done 
roughly, leaving a lot of the bran still attached. The taste 
for polished white rice began about 150 years soon after 
the introduction of mechanical rice mills. Traders pre-
ferred this white form without its nutritious bran and 
germ because it was lighter to export and it would not go 
rancid, which meant more profits. In addition, white rice 
is an easily digested carbohydrate that requires consum-
ing more to feel fuller.

  The mechanisms responsible for the benefits of whole 
grains are not well understood, but some responsibility 
may fall on the bacterial fermentation of indigestible 
components of the whole grain  [22] . Whole grains take 
longer to digest (therefore slowing gastric emptying) and 
deters excessive food intake. Whole grains are rich in fi-
ber, B vitamins, antioxidants, minerals, phytochemicals, 
lignans (polymers of phenylpropane), and phenolic com-
pounds  [23] . They have been linked to reducing the risk 
of obesity, insulin resistance, type II diabetes, heart dis-
ease, hypertension, and cancer  [24–28] . Whole grains 
high in viscous fiber (oats and barley) are believed to de-
crease serum low-density lipoprotein cholesterol and im-
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  Fig. 1.  Myo-inositol-1,2,3,4,5,6-hexa ki s-
phosphate (Ins P6 or phytic acid) is a stor-
age form of phosphorus in whole grains. It 
is converted into inositol by the enzyme 
phytase. Most whole grain products are 
processed or heat treated during food pro-
duction or preparation, procedures which 
inactivate phytases, resulting in very low 
phytase levels in the human intestines 
Courtesy of Cecil W. Forsberg, University 
of Guelph, Ont., Canada. 
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prove glucose and insulin responses by increasing the vis-
cosity of the digesta and binding to bile acids in the small 
intestine. This contributes to a decrease in sugar and lip-
id absorption  [23] . Grains high in insoluble fiber (wheat) 
moderately lower glucose and blood pressure but also 
have a prebiotic effect  [29, 30] . The bacterial fermentation 
of indigestible components of whole grains in the gastro-
intestinal track is being considered for being responsible 
for anti-inflammatory action as well as other metabolic 
benefits  [31] . In a recent study, subjects who consumed a 
whole grain diet increased the diversity and the number 
of intestinal microflora. This short-term intake of whole 
grains demonstrated an alteration in the intestinal micro-
biota revealing metabolic and immunological improve-
ments in healthy individuals  [32] . Since whole grains are 
beneficial in people with cardiovascular disease, diabetes, 
and obesity as well as in healthy people, one may specu-
late that whole grains also exert benefits in patients with 
kidney disease, in particular those with diabetes, cardio-
vascular disease and obesity as comorbidities.

  There are some potential disadvantages to implement-
ing whole grains in the renal diet. For one thing most 
people are not familiar with consuming whole grains oth-
er than whole wheat bread and oatmeal. Even those foods 
may not be the norm for most. The Western diet is char-
acterized by a high intake of red meats, refined sugars, 
high fat, refined grains and processed foods. Refined 
grains represent 85% of the grains consumed and 20% of 
total energy intake. Whole grains contribute only 3.5% of 
total energy. The average fiber intake is 15.1 g/day, which 
is considerably lower than the recommended value of 25–
30 g/day  [33, 34] . Whole grains require cooking, which 
may take up to 1 h. This may deter people who want fast-

er meals. Unfamiliarity with the variety of grains and the 
time restraints can make implementing whole grains in 
kidney patients challenging. Some may argue that whole 
grains do not provide a protein source with all nine es-
sential amino acids (incomplete protein). Complete pro-
teins come from animal-based products (meat, poultry, 
dairy, eggs, and fish, for example), soy, chia seed, and qui-
noa (a grain). However, incomplete proteins can be com-
bined in meals to make a complete protein. An example 
is combining rice and beans or peanut butter and toast. 
Most whole grains have a low content of the essential ami-
no acid lysine. However, lysine can be complemented 
with nuts low in potassium, such as walnuts, cashews, 
pine nuts, or peanuts. It is sufficient to eat these comple-
mentary proteins within 24 h in order to build protein. 
Incomplete proteins come from plant-based foods, such 
as beans, rice, grains, and legumes  [35] .

  Conclusion

  We suggest that the role of whole grains in the diet of 
patients with renal disease should be reconsidered. There 
are data suggesting that the bioavailability of phosphate 
from whole grains is low, despite their high phosphate 
content. This low bioavailability is related to the lack of 
phytase, an enzyme required to release phosphorus from 
phytate, the main storage form of phosphate in whole 
grains. Considering whole grains for the kidney diet, the 
diet would be enriched and provide needed fiber along 
with its health benefits, diversify the diet with low sodium 
choices, and possibly provide adequate protein without 
increasing phosphorous levels.
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