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ABSTRACT

Introduction and objectives: The use of phosphate additives in 
meat and ish processing leads to a phosphorus overload that 
we cannot quantify through labelling or food composition 
tables. We analysed this increase by measuring phosphorus 
content in these products by spectrophotometry. Materials 

and method: We determined the phosphorus/protein ratio 
in meat and ish products with varying degrees of processing 
by spectrophotometry (phosphorus) and the Kjeldahl method 
(proteins). We contrasted these results with those relected 
in the food composition tables. Results: The phosphorus/
protein ratio was higher in processed meat products 
(15.83mg/g) than in battered (11.04mg/g) and frozen meat 
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products (10.5mg/g), and was lower in fresh (8.41mg/g) and 
refrigerated meat products (8.78mg/g). Fresh white ish had 
a phosphorus/protein ratio of 8.58mg/g, while in frozen 
white ish it increased by 22% (10.3mg/g) and battered, by 
46% (12.54mg/g). The information in the tables was poor and 
confusing, and no reference is made to the brands tested. 

Conclusions: Processing meat and ish products poses a serious 
obstacle to the reduction of phosphorus intake. The current 
regulatory framework does not assist us in the objective of 
reducing phosphorus additives, since it considers them safe 
for public consumption. Overcoming these barriers requires a 
coordinated effort to demonstrate that a high intake of these 
additives may be harmful to the general population and it 
should be more closely examined by regulators.

Keywords: Chronic kidney disease. Hyperphosphataemia.
Food additives. Phosphorus/protein ratio. Food analysis. Food 
labeling.
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Framingham and CARE studies carried out in the population 
suggest that it increases cardiovascular risk9,10 and studies 
in children, teenagers and premenopausal women relate 
its levels to hypocalcaemia, hyperparathyroidism and 
increased fractures.11,12 For this reason, some authors 
suggest that a term “new cholesterol” should be coined.

On reviewing the subject, we find that there is an 
accumulation of bad news about the use of phosphorus 
additives:
- Its use is widespread: out of 306 products with varying 

degrees of processing, we recorded these additives in 
29.2% of labels.13

- It can be used in relatively large amounts, since the 
limits are intended more to prevent fraud than being 
based on the consumption risk (Table 2 displays the 
amounts authorised in a selection of products according 
to European regulations).14

- There are no clear regulations on the labelling of foods 
and the amount of phosphorus contained in the product 
or provided by the additives do not appear on the 
label.15

- The food composition tables do not usually include 
phosphorus from additives, and as such, we can talk 
about “hidden phosphorus”.

- Lastly, the phosphorus in these additives is in the form 
of phosphate salts, with practically 100% absorption.

Meat products and fish are major sources of protein in 
patients with CKD. However, the addition of phosphate 
additives results in phosphate overload that we cannot 
quantify through labelling or food composition tables. For 
this reason, we intend to determine, by spectrophotometry, 
the increase in phosphorus intake resulting from the 
processing of these products.

Impacto del procesamiento de los productos cárnicos y 
pescados en la ingesta de fósforo en los pacientes con 
enfermedad renal crónica
RESUMEN
Introducción y objetivos: La adición de aditivos fosfóricos 
en el procesamiento de carnes y pescados implica una 
sobrecarga de fósforo que no podemos cuantiicar a través 
del etiquetado ni de las tablas de composición de alimentos. 
Analizamos este incremento mediante la determinación 
por espectrofotometría del fósforo contenido en estos 
productos. Material y método: Determinamos el cociente 
fósforo/proteínas en productos cárnicos y pescados 
frescos y con distintos grados de procesamiento mediante 
espectrofotometría (fósforo) y método Kjeldahl (proteínas). 
Contrastamos estos resultados con los relejados en las 
tablas de composición de alimentos. Resultados: El cociente 
fósforo/proteínas es superior en los productos cárnicos 
procesados (15,83 mg/g) que en los rebozados (11,04 mg/g) 
y congelados (10,5 mg/g), siendo más reducido en productos 
cárnicos frescos (8,41 mg/g) y refrigerados (8,78 mg/g). 
El pescado blanco fresco presenta un cociente fósforo/
proteínas de 8,58 mg/g, mientras que en el congelado 
se incrementa en un 22 % (10,3 mg/g) y en el rebozado 
en un 46 % (12,54 mg/g). La información de las tablas es 
pobre y confusa, sin referencia a las marcas analizadas. 
Conclusiones: El procesamiento de los productos cárnicos y 
pescados supone un serio obstáculo para la reducción del 
consumo de fósforo. El actual marco regulador no favorece 
el objetivo de reducir el uso de los aditivos fosfóricos al 
considerarlos seguros para el consumo público. Superar 
estas barreras implica esfuerzos coordinados para demostrar 
que el consumo alto de estos aditivos puede ser perjudicial 
para la población general y debe ser objeto de un mayor 
escrutinio por los reguladores.

Palabras clave: Enfermedad renal crónica. Hiperfosforemia. 
Aditivos alimentarios. Cociente fósforo/proteínas.

Composición alimentos.  Etiquetado de los alimentos.

INTRODUCTION
 
The modern diet leads to an ever increasing consumption 
of processed foods at the expense of fresh products. 
Phosphate additives are widely used in the manufacture 
of these foods, given the diversity of their application: 
pH regulators, antioxidants, protein stabilisers, flavour 
enhancers, colour enhancers, melting salts in cheeses, 
dough enhancers and chemical yeasts1,2 (Table 1). The 
proportion of phosphorus ingested from these additives is 
substantial, even more so if we take into account that it is 
not accompanied by protein intake.3

In patients with chronic kidney disease (CKD) excessive 
phosphorus intake is related to the development of 
atherosclerosis, secondary hyperparathyroidism and bone 
disease.4-8 The recent literature also provides sound data 
that shows its deleterious effects in the general population. 

Table 1. Phosphate additives

Main: phosphates and derivatives:

Phosphoric acid   (E338)

Phosphates   (E339, E340, E341, E343)

Diphosphates  (E450)

Triphosphates   (E451)

Polyphosphates   (E452)

Others

Emulsiiers:  Lecithin (E322)

Ammonium phosphatide  (E442)

Sodium and aluminium a 

cid phosphate  (E541)

Taste enhancers (E626 to E635): guanylic acid derivatives and 

inosinates
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phosphorus tests in 15 and two tests in 38, with a third 
test not being necessary in any case.

Food was sent in its original container to the Food and 
Agriculture Research and Technology Centre of Aragón 
(CITA). The products were stored in a freezer before being 
processed for testing. The presence of phosphorus-containing 
additives was obtained from the list of ingredients included 
in the product label. Each product was assigned a CITA code 
before being delivered to the laboratory technicians who were 
unaware of the brand of food and their labelling.

Before each test, we prepared a part or a subsample that 
represented the laboratory sample; it had to be as homogeneous 
(intimate mixture of its components) as possible depending 
on its characteristics and within the limits of the analytical 
method applied. We chose them at random and they could be 
formed from one or more fractions of a unit sample or, in the 
case of samples consisting of several units of the same batch 
(aliquots), the subsample could be formed from one or more 
entire units or fractions of several units. The subsample was 
homogenised with a laboratory mill and packaged in a clean, 
dry, rigid plastic recipient (sample pot) that was properly 
sealed, clearly identified and stored at room temperature or 
refrigerated depending on its characteristics and the type of 
test performed on it. The rest of the sample was conserved 
in optimal conditions (at room temperature, refrigerated or 
frozen), since subsequent sampling could be performed on it. 
Likewise, depending on the characteristics of the sample (if 
it was very heterogeneous), the amount or the type of test, we 
could decide not to take a subsample but rather process the 
sample in its entirety.

 
Bases for determining phosphorus content
 
Phosphates present in organic matter (as orthophosphates, 
diphosphates, triphosphates and polyphosphates) were 
transformed into elemental phosphorus by an acid digestion 

 
MATERIAL AND METHOD
 
Design
 
A cross-sectional descriptive study with analysis of food 
product components.

In local supermarkets, 118 products were collected to test 
for phosphorus and proteins. Among them, we selected 47 
meat and fish products with different degrees of processing: 
refrigerated, frozen or battered. The products chosen were 
mostly relatively non-prepared, they were not from ready 
meals and did not include sauces. As examples of more 
prepared foods, we included some products that add cheese 
for melting (Cordon Bleu, pork cutlets, Frankfurters, ham and 
bechamel rolls and ham wraps in breadcrumbs) in which the 
increase in phosphorous content is also related to the content 
of cheese and the phosphate additive used as a melting 
salt. We also tested 6 fresh products (4 meats and 2 fish) to 
compare the results obtained. We distributed them into the 
following groups:
- Fresh meat products.
- Refrigerated meat products.
- Frozen meat products.
- Breaded meat products.
- Processed meat products.
- Fresh fish.
- Frozen fish.
- Breaded fish.

Of the total 118 foods, in the first group (52 products) 
we acquired three different batches to determine 
phosphorus content. After verifying that the repeatability 
of phosphorus content was correct with 3 repetitions, 
in the following 66 products tested, we acquired two 
batches, and performed a third phosphorus test when the 
values were conflicting (coefficient of variation - CV 
[standard deviation -SD/average value] ≥10%). Out of 
the 53 products listed in this study, we carried out three 

Table 2. Grams of P
2
O

5
 per kilo or litre authorised in different meat and ish products according to Regulation (EU) No 

1129/2011

Products Authorised grams of P
2
O

5
 per kg or litre 

-  Meat products up to  5 g/kg

- Meat product glazing agent up to  4 g/kg

- Dough for battering up to  12 g/kg

- Non-prepared frozen fish products up to  5 g/kg 

- Fish cut into fillets up to  5 g/kg

- Non-prepared frozen crustaceans and molluscs up to  5 g/kg

- Crustacean or fish paste up to  5 g/kg

- Crustacean-based canned food up to  1 g/kg
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When the same operator using the same equipment 
made a certain number of repetitions within a laboratory 
in a very short period of time, we would have an 
ideal situation that should produce less variation 
between readings. This became a measure of the 
repeatability of measurements and was represented by 
calculating the repeatability SD. The r value, called the 
repeatability interval was found simply by multiplying 
the repeatability SD by 2.8, and it was similar to the 
statistical estimation of a 95% confidence interval in 
the difference between readings.

We performed a repeatability study of phosphorus content 
in various foods, with two or three repetitions for each 
sample. We calculated the mean, SD, the coefficient of 
variation (CV = SD/mean) expressed in % and repeatability 
interval (r=SDx2.8) for each set of repeated tests of the 
same sample. Subsequently, we calculated the means of 
all previous determinations in the sample set. Furthermore, 
we performed a stratified test depending on whether the 
phosphorus content was above or below the median for the 
sample (158mg/100g).

CV values <10% for phosphorus tests in the same sample 
were considered to be acceptable. p<.05 values were 
considered to be significant. Data were analysed with 
SPSS version 15.0.

 
RESULTS
 
Repeatability study
 
The mean of the phosphorus tests in the sample set was 
158.8 (range 49.3-273.7) mg/100g, the SD mean was 
9.3mg/100g, the CV mean was 6.4% and the repeatability 
interval (r) mean was 26.1mg/100g (this implies that, 
95% of the time, a new test, repeated again would not 
differ from the previous mean by more than 26.1mg/dl).

In values below the median, the mean value of the 
phosphorus tests in the sample set was 118.2 (range 49.3-
157.6) mg/100g, the SD mean was 8.5mg/100g, the CV 
mean was 7.7% and the repeatability interval (r) mean 
was 23.8mg/100g.

In values above the median, the mean value of the 
phosphorus tests in the sample set was 200.1 (range 
158.3-273.7) mg/100g, the SD mean was 10.1mg/100g, 
the CV mean was 5.1% and the repeatability interval (r) 
mean was 28.35mg/100g.

The CV was significantly lower (5.1% compared to 
7.7%, P=.013) in products with values above the median 
phosphorus content. There were no significant differences 
in the value of r.

 

that destroyed the molecular structures. Total phosphorus 
(natural and added) was determined by adding the reagent 
molybdate-vanadate and testing the colour produced by 
molecular absorption spectrophotometry at λ 436 nm. The 
first phase of the method was carried out by BD6-Digester 
(Foss Tcator, Denmark) sample digester. Spectrophotometric 
measurement was performed by UV-Pharmaspec 1700 
(Shimadzu, Japan) dual beam spectrometer.

 
Determination of total protein content
 
We tested total protein by the Kjeldahl method. This was based on 
a digestion process whereby organic matter was destroyed with 
concentrated sulphuric acid and Cu sulphate (II) as a catalyst. The 
digestion temperature was adjusted to 420 ºC. Organic nitrogen 
was converted into ammonia and distilled in the presence of excess 
sodium hydroxide. Ammonia distillate was collected in a diluted 
boric acid solution and titrated with 0.1 N hydrochloric acid. These 
processes (distillation and titration) were performed automatically. 
The protein content of a product was the result of multiplying the 
total organic nitrogen content, determined by the Kjeldahl procedure, 
by a nitrogen-to-protein conversion factor. The factor depended on 
the type of protein in the food; the universal factor was 6.25. These 
processes (distillation and titration) were performed automatically 
using the Kjeltec 8400 system (Foss Tcator, Denmark).

 
Expression of results
 
The average of the two or three tests was considered as 
measured phosphorus. The more standardised protein content 
was only measured in the first batch of each product.

Phosphorous content was consistently expressed as mg/100g 
of product and the protein content as g/100g of product. We 
included the phosphorus-protein ratio calculation (expressed 
in mg/g) due to its importance for our patients.

We reviewed the information on phosphorus and protein 
content in different processed foods in the food composition 
tables by Moreiras,16 CESNID (Higher Education Centre for 
Nutrition and Dietetics)17 and the BEDCA Network of the 
Ministry of Science and Innovation, Spanish Agency for 
Food Safety and Nutrition.18

 
Statistical analysis
 
The description of quantitative variables was performed with 
their mean±SD and the qualitative variables with frequency 
distribution. The comparison of phosphorus content and the 
phosphorus-protein ratio between meats and fish was performed 
using the non-parametric Mann-Whitney test. Given the limited 
amount of data, no statistical analysis was performed on the 
difference between the various types of processing.
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in 10 out of the 15 processed meats. The mean phosphorus-
protein ratio was 84% higher in products with additives 
than in products without additives (17.1 vs. 9.3 mg/g, 
respectively). The mean phosphorus-protein ratio was higher 
in processed meat products (15.83mg/g) than in battered meat 
products (11.04mg/g) and frozen meat products (10.5mg/g). 
The lowest phosphorus-protein ratio was recorded in fresh 
meat products (8.41mg/g) and refrigerated meat products 
(8.78mg/g).

However, some products with phosphate additives have a 
reasonable phosphorus-protein ratio (for example: Hacendado 
frozen meatballs 10.04mg/g), while other products that 
contain no phosphate additives have a much higher ratio (e.g. 
Hacendado chicken croquettes 15.84mg/g).

None of the refrigerated meat products displayed phosphate 
additives on their label. We note that in refrigerated meat 
products the phosphorus-protein ratio was similar to that of 
fresh products.

In frozen meat products, we found a good phosphorus-
protein ratio for chicken and a high ratio for frozen loin chop 
(Martínez Loriente frozen loin chop 11.52mg/g).

Overall data
 
The mean phosphorus-protein ratio was 11.9±4.5mg/g. There were 
no significant differences for products with a phosphorus content 
above or below the median (12.9 compared with 10.9mg/g; P=ns)

Overall, meat and fish products with phosphate additives 
have a 60% higher phosphorus-protein ratio than those whose 
labels do not contain these additives (15.28 compared with 
9.51 mg/g, respectively).

Practically all products used antioxidant or preservative 
additives, within the group of phosphates and its derivatives 
(Table 1). Only in one case (Pescanova Pescaburguers - crab 
surimi burgers) was only one phosphate additive used as a 
flavour enhancer, which in principle meant a lower phosphorus 
intake, since this type of additives contains it in a lower amount.

 
Tests on fresh, refrigerated, frozen, breaded and 
processed meat products (Table 3 and Table 4)
 
The presence of phosphorus-containing additives was 
displayed on the labels of 3 out of the 5 battered meats and 

Table 3. Phosphorus and protein composition of meat products derived from pork and veal tested by spectrophotometry 
and the Kjeldahl method. Presence of phosphate additives on the labelling

Phosphorus
mg/100 g

Protein
g/100 g

 Phosphorus/ 
protein 

ratio mg/g

Phosphate 
additive  
on label

Fresh meats

Simply pork loin 

Refrigerated meats

Simply pork loin

Eroski pork loin

Martinez Loriente loin fillets 

Frozen meats

Martinez Loriente frozen loin chop 

Processed meats

Hacendado frozen meatballs

Refrigerated pork and cheese cutlets

Oscar Mayer Classic Wieners Frankfurter 

Oscar Mayer Jumbo Cheese Frankfurter

Carrefour ham and bechamel rolls 

Fresh meats

Simply veal

Refrigerated meats

Simply veal

Martinez Loriente minced beef/pork

Martinez Loriente beef/pork burgers 

181.50 ± 4

181.30 ± 29

177.10 ± 8

204.67 ± 8

162.35 ± 37

108.47 ± 1

179.30 ± 10

216.15 ± 8

255.50 ± 10

272.20 ± 20

186.3 ± 2

185.25 ± 3

153.37 ± 28

136.83 ± 9

22.17

22.2

21.6

23.57

14.09

10.80

12.77

11.33

13.08

 10.40

23.15

21.80

17.38

14.69

8.19

8.17

8.20

8.68

11.52

10.04

14.04

19.08

19.53

26.17

8.05

8.49

8.82

9.31

No

No

No

No

No

E450

E451-322

E451

E451-340

E450-451

No

No

No

No
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Tests on fresh, frozen and battered fish (Table 6)
 
Fresh white fish had a phosphorus-protein ratio of 8.58mg/g, 
while in frozen white fish it was 22% higher (10.3mg/g) and 
in battered white fish it was 46% higher (12.54mg/g).

Two frozen fish products contained additives (phosphorus-
protein ratio 11.1mg/g) and 3 did not (ratio 9.89mg/g). In 
the battered white fish, 3 did not display additives (ratio 
11.13mg/g) and 7 did (ratio 13.2mg/g). Battered products 
generally had a higher phosphorus content. Again it should 
be stressed that in a frozen product (Eroski cuttlefish rings 
12.96mg/g) and in one battered product without additives 

There is very little information contributed by the tables on 
processed meats and the information is confusing. Even the 
small amount of information that we managed to find was 
contradictory: the phosphorus-protein ratio for Frankfurters 
in the Moreiras table was 8.92mg/g, while the CESNID table 
displays a value of 13.6mg/g and BEDCA table 13.7mg/g 
(Table 5). We found generic references such as “minced 
meat”, “country sausage”, “fresh sausage”, with notable 
variations in phosphorus content.

We did not find any reference to the commercial brands tested 
in the tables or any more data for refrigerated, frozen, breaded 
or prepared meat products.

Table 4.  Composition of phosphorus and proteins in meat products derived from chicken and turkey tested by 

spectrophotometry and the Kjeldahl method. Presence of phosphate additives on the labelling

Phosphorus

mg/100 g

 Protein 

g/100 g 

Phosphorus-

protein ratio 

mg/g

Phosphate 

additive on 

label

Fresh meats

Simply chicken breast 

Simply skinless chicken drumstick 

Refrigerated meats

Eroski skinless chicken drumstick 

Carrefour chicken breast 

Martínez Loriente chicken/turkey sausages 

Frozen meats

Carrefour skinless chicken drumsticks

Battered meats

La Cocinera frozen chicken nuggets

 Frinka frozen chicken nuggets 

Burger King chicken fillet burger 

Hacendado frozen chicken nuggets 

Eroski frozen chicken nuggets 

Processed meats

Mackein barbeque chicken wings 

Burger King wings and fried chicken drumstick 

Casa Matachín refrigerated chicken meatballs 

Eroski Basic frozen chicken croquettes 

Hacendado frozen chicken croquettes 

Martínez Loriente marinated turkey breast 

Carrefour turkey and cheese wraps in breadcrumbs

Oscar Mayer turkey Frankfurter 

Carrefour refrigerated chicken roti 

Carrefour refrigerated chicken wrap

207.50 ± 8

179.60 ± 2 

161.70 ± 9

223.03 ± 5

144.70 ± 7

176.05 ± 9

103.90 ± 2

117.05 ± 16

182.75 ± 5

132.77 ± 11

162.20 ± 3

142.65 ± 5 

202.40 ± 6

152.70 ± 7

49.35 ± 7

74.43 ± 13

199.95 ± 8

251.60 ± 10

223.70 ± 4

273.73 ± 30

259.27 ± 10

24.08

20.44

19.54

23.32

15.27

18.59

10.98

10.42

16.22

11.60

13.71

21.95

30.46

15.69

4.34

4.70

13.80

13.23

11.13

12.80

11.14

8.62

8.79

8.28

9.56

9.48

9.47

9.46

11.23

11.27

11.45

11.83

6.50

6.64

10.03

11.37

15.84

14.49

19.02

20.10

21.39

23.27

No

No

No

No

No

No

No

E450-631

---

E450

E450

No

---

No

No

No

E450-451

E450-451

E451

E451

E339
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of phosphate salts (additives used in processed food). Natural 
or organic forms of phosphorus are widespread in the diet and 
provide the greatest contribution of phosphorus. However, 
the use of phosphate additives has increased exponentially in 
recent decades and now constitutes up to a third of the total 
phosphorus intake.19 These data could be linked to the risk 
that they involve not only for dialysis patients but also for the 
CKD population and the general population.

Despite their widespread use, phosphate additives are not 
taken into account in phosphorus content estimations. Current 
regulations do not require producers to display their quantities 
on the labels and the quantity of phosphorus added by these 
additives is not clearly defined in the food composition tables. 
We note that the Spanish tables used in our study provide 
little information and contradictory data on the quantity of 
phosphorus in some products. Previous studies carried out in 
different geographical locations suggest that the food tables 
may underestimate phosphorus content by between 250 and 
350mg/day.20-22

Some foods that are apparently not processed have received 
special attention in the literature on CKD patient nutirition.23 

These are usually refrigerated meats, packaged in the 
supermarket, to which phosphate additives may be added 
to facilitate their preservation, improve their taste, colour 

(Pescanova egg hake fillets 13.1mg/g) the phosphorus-protein 
ratio was higher than would be expected.

The information in the tables is again very poor. Only some 
generic and confusing information is included for some 
processed products (Table 7). It should be highlighted that 
the Moreiras table displays similar phosphorus-protein ratio 
values for fresh and frozen hake in contrast to our results and 
those displayed in the CESNID table. We did not find any 
reference to the brands tested or any more data on refrigerated, 
frozen or breaded fish in the tables.

 
Comparison between meat and fish
 
The meat products included a higher phosphorus content 
than the fish products (177.9 compared to 121.7mg/100g; 
P<.0001), but their phosphorus-protein ratio was similar 
(12.2 vs. to 11.4mg/g; P=ns).

 
DISCUSSION
 
Dietary phosphorus intake comes from organic sources in 
the form of esterified derivatives (meats, fish, dairy products, 
vegetable products) and from inorganic sources in the form 

TABLES                                     Phosphorus/protein ratio                                 Phosphorus/protein ratio (mg/g) 

                                                     Table values (mg/g)

CESNID table

Raw minced meat filling
Country sausage
Frankfurter
Ham and cheese sandwich

BEDCA network table

Minced meat
Fresh sausage
Fresh chicken sausage
Frankfurter
Fried battered chicken

MOREIRAS table

Cooked hamburger
Fresh sausages 
Frankfurter
Frozen battered chicken
Frozen Cordon Bleu

9.62
9.62
13.6
14

7.27  
12.5

11.36
13.7

13.24

7.03
12.79
8.92

15.17
45.6

CITA

Refrigerated meats
M. Loriente chicken/turkey sausage
Frankfurter
Cutlets with cheese/Ham and bechamel rolls 

Refrigerated meats
M. Loriente chicken/turkey sausage

Frankfurter
Frozen battered chicken

Refrigerated meats
M. Loriente chicken/turkey sausage
Frankfurter
Frozen battered chicken
Cutlets with cheese/Ham rolls 
                             

8.17-9.56
9.48

19.08-20.10
14.04-26.17

8.17-9.56
9.48

19.08-20.10
9.46-11.83

8.17-9.56
9.48

19.08-20.10
9.46-11.83

14.04-26.17

CESNID: Higher Education Centre for Nutrition and Dietetics; CITA: Food and Agriculture Research and Technology Centre of Aragón.

Table 5.  Phosphorus-protein ratio of processed meat products according to the food composition tables and their 

comparison with our results
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and cooking characteristics. Sherman et al. detected high 
amounts of phosphorus in some of these products but the 
labels did not display phosphate additives.24 This would 
suggest treatment with additives without a specific indication 
in the list of ingredients. In our work, the phosphorus-protein 
ratio of refrigerated and packaged meats was similar to that 
of fresh meats, which suggests that no additives were added. 
However, the lack of regulation of this process is another 
reason for concern.

Furthermore, in accordance with the “General regulations for 
the labelling, presentation and advertisement of food products”, 
it is not compulsory to declare additives of an ingredient on 
the ingredient list if they do not perform a technological 
function in the final product. For example, a processed meat 
product may have meat prepared with phosphate additives, 

a sauce with phosphate additives, phosphates for melting 
cheese, etc. without phosphate additives appearing on the 
label. The same may apply to pre-cooked fish with potatoes 
or other prepared foods.

These data lead us to a troubling conclusion: with the current 
regulations, we are not capable of estimating the amount of 
phosphorus that our CKD patients are ingesting. Phosphate 
additives do not only increase phosphorus intake but they 
include a significant amount of “hidden phosphorus”.19,25

Recommending more suitable foods to minimise phosphorus 
intake would exceed the objectives of this study,26 but we do 
consider it important for nephrologists and nutritionists to be 
aware of the afore mentioned barriers in order to recognise 
a potential for the reduction in phosphorus intake while 

Table 6. Results of phosphorus and protein composition of fresh, frozen and battered ish tested by spectrophotometry 

and the Kjeldahl method. Presence of phosphate additives on the label

Phosphorus

mg/100 g

Protein

g/100 g

Phosphorus- 

protein ratio

mg/g

Phosphate  

additive on label

Fresh fish

Simply Hake 

Frozen fish

Findus skinless hake 

Mascatto hake fillets 

Eroski catfish fillet 

Battered fish

Pescanova Pescaburguers (crab surimi burgers) 

Pescanova battered hake 

Findus breaded hake fillets 

Carrefour hake nuggets 

Pescanova egg hake fillets 

Pescanova hake surfers

Pescanova cod stew

Fresh fish

Simply squid

149.75 ± 7 

130.80 ± 8

162.37 ± 11

131.10 ± 8

68.30 ± 12

140.00 ± 8

119.00 ± 4

103.67 ± 8

157.60 ± 18

158.30 ± 6

137.30 ± 3

83.25 ± 8

18.36

16.93

17.08

11.49

9.30

14.40

12.15

9.87

12.03

11.24

12.60

9.26

8.16

7.73

9.51

11.40

7.34

9.72

9.79

10.50

13.10

14.08

10.90

8.99

No

No

No

E451

E635

E451

No

No

No

E450

E450

No

Frozen fish 

Aligator squid rings

Carrefour squid rings 

Eroski squid rings 

Battered fish 

Hacendado squid rings 

Eroski squid rings in batter 

Pescanova Caprichos squid rings in batter

107.65 ± 9

78.33 ± 10

146.10 ± 9

80.03 ± 3

114.60 ± 9

122.50 ± 12

11.50

7.27

11.27

7.25

7.28

6.49

9.36

10.77

12.96

11.04

15.74

18.88

No

E338

No

E339

E450

E450
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products. The repeatability interval was less than 30mg/100g 
of product regardless of the phosphorus content, a difference 
that was not relevant from a clinical point of view.

A limitation of the study was its cross-sectional nature with 
different batches of products being used and it was carried 
out in a specific geographical region. There obviously may be 
modifications in food processing that change their phosphorus 
contents, even more still if we take into account that the 
amounts permitted are indicated with “up to… grams of P2O5 
per kg or litre” and that this level is high. As such, variations 
in phosphorus content, the introduction of new products and 
geographical variability add difficulties, not only for carrying 
out these studies, but also for the management of phosphorus 
intake in CKD patients.

To conclude, our results, the review of references, and 
analysis of current food regulations all highlight the increase 
in phosphate additives in modern food and the importance of 
reducing their consumption for CKD patients and the general 
population. In the test carried out, producing meat and fish 
products involves the use of additives with a phosphate salt 
load that can be easily absorbed. Neither labelling nor food 
composition tables allow this increase to be detected, and as 
such, it may be considered as “hidden phosphorus”. Although 
we can improve our CKD patients’ dietary education and 

maintaining protein intake.27 To address this matter while 
bearing in mind that not all phosphorus is contributed by 
meat and fish products, we can estimate that if we decrease 
the phosphorus-protein ratio from 12.24mg/g (mean of 
tested processed meat and fish products) to 8.45mg/g (mean 
of fresh meat and fish products) in a 70kg haemodialysis 
patient (recommended protein intake 70 x 1.2 = 84g/day), 
we would reduce phosphorus intake from 1028 to 710mg/day 
without reducing protein intake. The absorption of inorganic 
phosphorus from additives (practically 100%) is much higher 
than the absorption of phosphorus contained naturally in 
meats (70%-80%) or in vegetables (40%-60%, in the form 
of phytates). As such, additives will have a greater effect on 
hyperphosphataemia than equivalent amounts of phosphorus 
contained naturally in products. Until now, only one 
interventional study in haemodialysis has been carried out, 
in which patients are simply trained to study product labels 
and avoid those that contain phosphate additives, achieving a 
0.6mg/dl reduction in serum phosphorus with respect to the 
group with regular dietary training.28

As positive data from our study, we must highlight the review 
of phosphorus content in a wide range of meat and fish 
products with different degrees of processing. The technique 
for measuring phosphorus could be repeated with a mean CV 
below 10% for contents both high and low in phosphorus in 

Table 7. Phosphorus-protein ratio values for fresh, frozen and battered ish according to food composition tables and 

their comparison with our results

TABLES                                         Phosphorus-protein ratio                                       Phosphorus-protein ratio

                                 Table (mg/g)                                                     CITA (mg/g)

CESNID table
Fresh hake 
Frozen hake 
Squid rings in batter
Frozen battered raw ish
      

9.44
11.38
13.91
10.55

(Type not stated)

Fresh hake
Frozen hake
Squid rings in batter 
Frozen battered raw ish

8.16
7.73-9.51

11.04-18.88
7.34-14.08

BEDCA network table
Frozen hake
Battered hake

11.38
15.9

Frozen hake 
Battered hake 

7.73-9.51
9.72-14.08

MOREIRAS table

Fresh hake
Frozen hake
Frozen squid rings
Battered ish

11.95
11.95
10.88
13.33

(Type not stated)

Fresh hake
Frozen hake 
Frozen squid rings 
Battered ish 
 

8.16
7.73-9.51
9.36-12.96
7.34-14.08

CESNID: Higher Education Centre for Nutrition and Dietetics; CITA: Food and Agriculture Research and Technology Centre of Aragón.
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7.  Wald R, Sarnak M, Tighiouart H, Cheung A, Levey A, Eknoyan G, 

et al. Disordered mineral metabolism in hemodialysis patients: an 

analysis of cumulative effects in the Hemodialysis (HEMO) Study. 

Am J Kidney Dis 2008;52(3):531-40.

8.  Block GA, Klassen PS, Lazarus JM, Ofsthun N, Lowrie EG, Chertow 

GM. Mineral metabolism, mortality, and morbidity in maintenance 

hemodialysis. J Am Soc Nephrol 2004;15(8):2208-18.

9.  Dhingra R, Sullivan LM, Fox CS, Wang TJ, D´Agostino RB, Gaziano 

JM, et al. Relation of serum phosphorus and calcium levels to the 

incidence of cardiovascular disease in the community. Arch Intern 

Med 2007;167:879-85.

10. Tonelli M, Sacks F, Pfeffer M, Gao Z, Curhan G, for the Cholesterol 

and Recurrent Events (CARE) Trial Investigators. Relation between 

serum phosphate level and cardiovascular event rate in people 

with coronary disease. Circulation 2005;112:2627-33.

11. Wyshak G. Teenaged girls, carbonated beberage consumption 

and bone fractures. Arch Pediatr Adolesc Med 2000;154:610-3.

12. Sax L. The Institute of Medicine´s «Dietary Reference Intake» for 

Phosphorus: A critical perspective. J Am Coll Nutr 2001;20(4):271-8.

13. Arnaudas L, Caverni A, Vercet A, Bielsa S, Etaaboudi S, Lou 

LM, et al. Fuentes ocultas de fósforo: presencia de aditivos con 

contenido en fósforo en los alimentos procesados. Nefrologia 

2011;31(2):44.

14. Reglamento (UE) Nº 1129/2011 del Parlamento Europeo y del 

Consejo de 11 de Noviembre de 2011 para establecer una lista 

de aditivos alimentarios de la Unión Europea. Diario Oficial de la 

Unión Europea. 12 Noviembre 2011, L 295/1-177.

15. Reglamento (UE) Nº 1169/2011 del Parlamento Europeo y del 

Consejo de 25 de Octubre de 2005 sobre la información facilitada 

al consumidor. Diario Oficial de la Unión Europea. 22 Noviembre 

2011, L 304/18-83.

16. Moreiras O, Carbajal A, Cabrera L, Cuadrado C. Tablas de composición 

de alimentos. Madrid: Ediciones Pirámide (Grupo Anaya SA); 2011.

17. Tablas de Composición de Alimentos del CESNID (Centro de 

Enseñanza Superior de Nutrición y Dietética). Madrid: McGraw 

Hill/Interamericana de España; 2004.

18. Bedca.net [Internet]. España: Red BEDCA Ministerio de Ciencia 

e Innovación, Agencia Española de Seguridad Alimentaria y 

Nutrición, Ministerio de Sanidad y Política Social [actualizada 26 

agosto 2010]. Available at: http://www.bedca.net

19. US Department of Agriculture, Agricultural Research Service. 

Nutrient Intakes from Food: Mean Amounts Consumed per 

Individual, by Race/Ethnicity and Age. What We Eat in America; 

NHANES 2009-2010. Available at: www.ars.usda.gov/ba/bhnrc/

fsrg. [Accessed November 4, 2012].

20. Sherman RA, Mehta O. Dietary phosphorus restriction in dialysis 

patients: potential impact of processed meat, poultry and fish 

products as protein sources. Am J Kidney Dis 2009;54:18-23.

21. Sullivan CM, Leon JB, Sehgal AR. Phosphorus containing food 

additives and the accuracy of nutrient databases: implications for 

renal patients. J Ren Nutr 2007;17(5):350-4.

22. Oenning LL, Vogel J, Calvo MS. Accuracy of methods estimating 

calcium and phosphorus intake in daily diets. J Am Diet Assoc 

1988;88(9):1076-80.

23. Murphy-Gutekunst L, Uribarri J. Hidden phosphorus enhanced 

meats: Part 3. J Ren Nutr 2005;15:E1-4.

train them to eat processed foods in moderation and perhaps 
train them to review additives on labels, we must take into 
account that our efforts are limited by the widespread use of 
processed products and the difficulty of knowing the amount 
of phosphorus, and therefore, of dietary phosphorus intake.

Without carrying out a throughout review, we would like to 
highlight some key points for addressing this problem:

1. The current regulations regarding the use of these additives 
do not favour their reduction, as they are considered to be 
safe for consumption. There should be coordinated efforts 
to demonstrate that their high intake is not recommended 
for CKD patients or the general population and that better 
regulation is necessary.

2. Companies should analyse the phosphorus content of 
their products, display this information on the labels and 
incorporate it into the food composition tables. Incentives 
could be established to produce food with low phosphorus 
content and alternatives to phosphate additives.

3. It would be recommendable to develop links between 
scientific societies such as the Spanish Society of Nephrology 
and the Food Safety and Nutrition Agency to begin an 
awareness-raising process and take recommended actions.
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