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The stability of a long chain sodium polyphosphate 
(Graham's salt) added t o  aqueous cheese extracts 
was investigated. The concentration and distribu- 
tion of phosphate species as P z O ~  remained un- 
changed in extracts stored a t  3-7" C. for four weeks. 
During four weeks of storage a t  20" C., long chain 

species decreased from 89 to  64% while orthophos- 
phate species increased from 4 t o  27z. Two pre- 
dominant genera of microorganisms were isolated 
from cheese extracts, and natural alkaline phospha- 
tase activity of extracts was high. 

ncreasing quantities of condensed phosphates are being 
used with considerable success in the manufacture of I pasteurized process cheese, cheese foods, and cheese 

spreads. European countries have reported that these 
compounds have a definite advantage over conventional 
orthophosphates in producing certain desired functional 
properties in cheese. Polyphosphates, for example, d o  
not produce certain flavors often encountered with ortho- 
phosphates (Becker and Ney, 1965). Process cheeses 
with superior consistencies, emulsions, and organoleptic 
properties have been produced with the use of polyphos- 
phates (Becker and Ney, 1965; Kiermeier and Mohler, 
1960; Mair-Waldburg, 1958). 

Stability of condensed phosphates in cheese is important, 
since any degradation of the compounds could seriously 
reduce the quality of the stored product. Degradation of 
emulsifier systems in process cheese generally results in 
the appearance of discolorations, development of a sandy 
o r  gritty texture? and possible destruction of the emulsion 
(Becker and Ney. 1965). Since these changes also may be 
the result of chemica I and/or microbiological decomposi- 
tion of the cheese itself, they are probably not adequate cri- 
teria in studying the chemical decomposition of the phos- 
phates. Studies on extracts of stored cheeses indicate that 
condensed phosphates undergo little, if any, degradation in 
cheese on storage at  refrigerator temperatures (Becker and 
Ney, 1965). These data, however, do not preclude the 
possibility that phosphates may be degraded during storage 
at  various temperatures in cheese extracts containing micro- 
biological and enzymatic activity. 

In this study. Graham's salt was chosen as a typical 
representative of the family of linear chain polyphosphates. 
The compound is an amorphous polyphosphate having the 
empirical composition N a P 0 3  (molar ratio Na2O/P2O5 = 

1.0) and consisting of 40-90 Po3 units (Kichline and Mc- 
Cullough, 1957). Factors such as temperature, pH,  
ionic environment of the media, and concentration of 
complexing cations afect  the rate of hydrolytic degrada- 
tion of Graham's salt (McCullough et a/., 1956). At neu- 
tral pH and room temperature, chain phosphates hydro- 
lyze extremely slowly. their half-lives being of the order of 
years (Van Wazer trt nl., 1955). On the other hand, 
enzymatic hydrolysis of condensed phosphates can be 
quite rapid (McElroy and Glass, 1951). Various micro- 
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organisms are indigenous to  natural cheeses used in the 
manufacture of process cheese (Kosikowski, 1966). 
These microorganisms may be able to  degrade long chain 
phosphates. 

Since casein components (Pyne, 1962; Zittle, 1966) and, 
perhaps, paracasein have a n  affinity for phosphate com- 
pounds, the latter are difficult to  extract quantitatively from 
cheese (Chojnicka, 1963). Furthermore, when protein 
precipitants are used in the extraction process, a portion 
of the phosphate probably is adsorbed on the protein 
precipitate (Chojnicka, 1964). Finally, the chemical in- 
stability of several of the phosphate anions precludes the 
use of acids, alkalis, and many organic solvents as cheese 
extractants. In light of these difficulties, the stability of a 
long chain phosphate in aqueous cheese extracts was 
investigated. The extracts provide quantitative addition 
and recovery of the phosphate, a medium in which the 
individual phosphate species are stable, and contain 
enzyme systems and microorganisms indigenous to  cheese. 
The results show that a long chain phosphate (Graham's 
salt) is stable a t  refrigerator temperatures and is degraded 
partially a t  20" C. during four weeks of storage. 

MATERIALS AND METHODS 

Phosphates. Graham's salt (50 PO3 units) of food 
grade quality was supplied by the Monsanto Co., St. 
Louis, Mo. 

Preparation of Cheese Extracts. Raw barrel cheddar 
cheese, 21 days old and stored a t  3-7" C., was used to  
prepare the cheese extracts. The cheese (100 grams) was 
chopped and blended with 700 ml. of deionized water for 
5 minutes a t  25" C. at  low speeds in a Waring Blendor. 
The slurries were filtered through two layers of cheese 
cloth and through two pieces of filter paper (Whatman 
No. 3) under vacuum. The pH of the cheese itself was 
5.7 and pH of the extracts ranged from 6.7-6.9. 

Storage of Extract-Phosphate Mixtures. Storage tests 
were carried out in 118-ml. screw top vials in a refrigerator 
a t  3-7" C. to  simulate commercial conditions, and in a 
constant temperature box maintained a t  20" + 1"  C. 
Mixtures were prepared by adding a known amount of 
the phosphate (about 2 grams) to  exactly 100 ml. of the 
cheese extract, and were shaken twice daily. The control 
phosphate solution was prepared by adding 2.0 grams 
of phosphate to  exactly 100 ml. of sterile deionized water. 
The control solution had a pH of 6.0. Containers were 
shaken before sampling to ensure homogeneity of the 
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mixtures. Sample volumes of 10 ml. were removed at the 
selected time intervals and were clarified by filtering 
through a millipore filter (0.45 micron) under vacuum. 

Phosphate Analyses. Phosphate species in cheese ex- 
tracts were determined by paper chromatography using a 
modified Karl-Kroupa technique as described in ASTM 
Standards, 1963. The filtered samples (0.5 ml.) were 
spotted in bands on sheets of chromatographic paper 
(Schleicher and Schuell No. 589). Mixtures were sepa- 
rated after 1.0 to 1.5 hours into ortho, pyro, tripoly, 
trimeta (cyclic), and long chain species which were cut out 
and measured quantitatively by colorimetry. Total 
phosphorus in extracts was expressed as PnOj and was 
determined according to ASTM Standards (1 963). 

Microbiological Analysis of Cheese. Cheese extracts 
for microbial counts were prepared by blending 10 grams 
of cheese with 90 ml. of sterile saline solution. These 
extracts differ from extracts for phosphate stability tests 
in that saline was used in place of distilled water and ex- 
tracts were not filtered. A 10-fold dilution of this solution 
was made with sterile saline, and 1.0-ml. aliquots were 
plated onto the surface of agar for counts. Bacterial 
counts were made on nutrient agar (Difco), and fungal 
counts were made on Sabouraud's agar and cheese agar. 
Cheese agar contained 1.0% peptone, 10% cheese, and 
1.5% agar and was buffered to pH 7.0. The incubation 
temperature, rather than the medium, was the most im- 
portant factor in determining predominating species. 
Viable microorganisms were isolated and identified accord- 
ing to standard microbiological procedures. 

Alkaline Phosphatase Determination. Alkaline phos- 
phatase activity of cheese extracts was determined using a 
modified King-Armstrong method (King and Armstrong, 
1934). p-Nitro phenyl phosphate was used as the sub- 
strate, and liberation of phenol was determined colorimet- 
rically in an AutoAnalyzer using 4-amino-anti-pyrine as 
a color reagent. 

RESULTS AND DISCUSSION 
The total amounts of PzOj and individual phosphate 

species as P 2 0 5  at the selected time intervals are summarized 
in Table I. Essentially no change within experimental 
error was observed in the concentration and distribution 
of phosphate species in the control solution. These re- 
sults are consistent with those previously reported in 
which the half-life of Graham's salt in water at pH = 7.0 
and 30" C. is 5.4 years (Kichline and McCullough, 1957). 
The cheese extracts contained a small amount of phos- 
phorus which is inherently associated with the paracasein 
component. Cheddar cheese normally contains about 
478 mg. of P per 100 grams of cheese (Kosikowski, 1966). 

The phosphate distribution in the extract stored at re- 
frigerator temperatures remained unchanged, while con- 
siderable changes in distribution were observed in 20" C. 
extracts. During storage, long chain species decreased 
from 89 to 64 z, while trimeta and ortho species increased 
from 4 to 7 and from 4 to 27%, respectively. Consider- 
able microbial growth was observed in the 20" C. extracts 
and microbiological analyses showed that Penicillium 
species predominated at about that temperature (Table 11). 
The growth of microorganisms in the 20" C. extract un- 
doubtedly catalyzed the breakdown of the phosphate. 
Various organisms such as bacteria, fungi, and algae 
accelerate the decomposition of pyro- and tripolyphos- 
phates a thousandfold (Karl-Kroupa et al., 1957). At least 
five enzyme systems have been isolated from microbial 
cells that degrade inorganic polyphosphates (Harold and 
Harold, 1965). 

Since considerable alkaline phosphatase activity was 
present in the barrel cheese as compared to fresh pasteur- 
ized cheddar cheese, it was concluded that the barrel 
cheese was ineffectively pasteurized (Table 11). There- 
fore, other enzyme systems indigenous to the cheese were 
probably active in the extracts and may have contributed to  
the degradation of the polyphosphate. It is doubtful 

Extract 
Cheese extract 

alone 

Phosphate control 

Cheese extract 
with phosphate 

Cheese extract 
with phosphate 

Total 

Added, 
Mg. 

Pzo 6 

. . .  

1345.1 

1345.2 

1348.3 

Table I. Stability of Graham's Salt in Aqueous Cheese Extracts 
Temp. Time Total - 

of of pzo5 
%!rage, Storage, Recovered, 

20 0 27.5 
168 27.8 
336 27.5 
504 27.8 
672 27.8 

20 0 1335.2 
168 1336.2 
336 1336.2 
504 1336.2 
672 1336.2 

3-7 0 1390.2 
168 1391.9 
336 1398.1 
504 1398.1 
672 1398.0 

20 0 1394.6 
168 1407.4 
336 1407.5 
504 1407.4 
672 1407.5 

C. Hr. Mg. 
Ortho * 1% 
98.02 
99.02 
98.90 
98.95 
98.95 

1.26 
1.80 
1.79 
1.97 
2.10 
4.26 
3.85 
4.14 
4.48 
4.35 
4.28 
8.54 

14.73 
20.86 
27.68 

Pyro Tripoly 
+ I %  * I %  
1.98 . . .  
0.98 . . .  
1.10 . . .  
1.05 . . .  
1.05 . . .  
2.12 0.42 
2.83 0.64 
2.68 0.90 
2.95 0.95 
2.52 0.50 
2.20 0.28 
1.80 0.39 
2.00 0.53 
1.74 0.50 
1.87 0.45 
2.07 0.28 
0.17 0.34 
0.13 0.26 
0.22 0.22 
0.10 0.10 

Trimeta 
f 1% 

. . .  

. . .  

. . .  
, . .  
. . .  

6.74 
6.44 
6.01 
6.08 
7.30 
4.13 
4.62 
4.00 
5.23 
4.20 
4.14 
5.03 
5.87 
6.95 
7.83 

Long 
chain 
f 2 7  

89 46 
88 29 
88 62 
88 15 
87 58 
89 13 
89 34 
89 33 
89 05 
89 13 
89 23 
85 92 
79 01 
71 75 
64 29 

PH 
Range 

of 
Extracts 
6.7-6.9 

6 .0  

6.4-6.6 

6.4-6.6 
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Table 11. Microbiological and Phosphatase Analyses of 
Cheese Extracts 

Microorganisms Isolated Plate Count 
Bacillus species 
Penicillium species 
Micrococcus species 

lOO,OOO/g. at 37” C. 
lOO,OOO/g. at 25” C. 

l,OOO/g. at 37” C. 
pg. Phenol/G. Cheese Alkaline Phosphatase Activity 

Raw barrel cheese 
Fresh, pasteurized 

cheddar cheese 
Mean of triplicate analyses. 

lOOQ 

20 

that the alkaline phosphatase contributed to the break- 
down of the Graham’s salt. Nonspecific alkaline phos- 
phatases of animal origin are monoesterases and are  
devoid of any diesterase activity o n  such substrates as 
inorganic pyro- and polyphosphates (Boyer et al., 1961). 

Although the polyphosphate undergoes degradation at 
elevated temperatures in raw barrel cheese extracts, these 
compounds probably d o  not undergo any significant deg- 
radation in pasteurized process cheese even when held a t  
room temperature. The moisture content of process 
cheese is approximately 40x which would reduce enzy- 
matic and  bacterial action as compared with the action 
of these components in aqueous solution. Moreover, the 
processing temperature (75-80” C.) used in the manufac- 
ture of process cheese would destroy most of the micro- 
flora and enzyme systems of the cheese. 
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