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',To : The Secretary, 
National Health and Medical Research Council 

For Attention': 
, The Chairman, 

Food Additives: Committee, 
. ,p', 0, Box 93 , 

CANBERRA. A. C. T. 

Dear, Sir, 

1 'Name of Applicant 

.. ' 

THE, COLONIAL ,SUGAR REFINING, COMPANY ,LIMITED of 

2 Address 

1-3 O'Connell. Street , Sydney,  'N. S.W. , 
,AUSTRALIA , who is 

3 ,Type of Business 

both manufacturer of the proposed addi�ive and process,or o f" 

501'>'\e.... foods in which it is proposed to use 

4 'Chemical Name of Proposed Additives 

calc ium sucrose phosphates as food addit ives, 

submit's this ' application for' approval by the Food Additives 

: Committee. 

The detailed information, supporting this application is 

set out in items 1 to, 4 above and 5 to 23 which follow, in 

accordance' with the requirements o f  Appendix 'I o f  the Food 

Additives' Committee. 
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It will b e  appreciated that this application differs' 

from that· normally received by the Foo d Additives Committee , in 

that the main purpose of the proposed additive is for the reduction 

o f  dental caries • .  For this reason evidenc e ,  establishing the need 

for suC;h an additive (Item 10) , that the additive wil l  have i ts 

intended resul t (Item 20) , that the same obj ectives cannot b e  

obtained by existing approved additives (Item 2 1 )  and establishing 

. the advantages which will accrue to the consumer (Item 22) , wil l  

b e  presented i .n the form of reports o f  laboratory and clinical 

research, rather than in the form o f  requests and evidence from 

food manufacturers. 

5 . Chemical structure, and chemical· and physical , 
description of the additives 

Calc ium sucrose phosphates are the calcium salts o f  

phosphate esters o f  sucrose. One or. more o f  'the e ight hydro�yl 

groups o f  the sucrose molecule may b e  'esterified by various means 

with orthophosphoric acid to give ·various orthophospho�ic esters 

of sucrose. These esters are acidic and can, with suitable bases, 

form salts in· the same way as orthophosphoric acid itself.  . 

The struc tural formula o f  su�rose is shown.below 
b CH20H 

° 

" 
CH IH / 0 . 2 7.  ' 

l' 
. 

° 

The six .carbon. atoms in the glucose �oiety are numbered by' 
convention I to 6 ,  and those in the fructose ring.I' to 6 ". 

.. -��- .. -�------------- ..... 
-

'"---- - .. -�---.----.--� -----------
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. A monophosphoric acid ester of. sucrose which has been 

positively charac terisedl is sucrose-2-phosphate • .  The structural 

· formula o f  the calcium salt of this sucrose phosphate' (which we 

have confirmed) is : 
.CH OH 

.H 

OH 

I 
O=:f-O ; ) Ca 

o . ) 
; Sucrose monophosphates in which o ther.hydro�yl groups o f  sucrose 

· are esterified with orthophosphor ic .  acid are' also known. These 

include sucrose-6'-phosphate which has been ideatified in various 
. 2 3 4 5 . 

plants ' , '. These sucrose phosphates belong to the general 

· class o'f sugar phosphates which' are known to occur widely in 

. natural products, and during recent · years. many of· them have been 

isolated and: also prepared synthetically • .  The chemistry and 

properties of sugar phosphate esters have·been�reviewed by a 

number of authors,. such as . Leloir and Cardini '. ( 1963) 6 , Leloir 

(1951/, Khorana ( 196.1) 8 and. Van Wazer ( 1961) 9 . 

. Calcium sucrose phosphate$ can only be prepar ed 

economically as a mi�ture of calcium salts of different sucrose 
. phosphate esters; ' The products whIch have' been used in the work 

which is reported here ' are· ·prod).lc ed by the reaction of phosphorus 

o�ychloride on . .i!n aqueous solution of ·sucrose . in the presence of 

lime ( See Item 8 ) .  This reaction produces the same calcium 

sucrose phosphates in spite of wi�.e . var,iations in reac tion 
conditions .. ' . The cons'istent properties: of these calcium sucrose 
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phosphates led previous workers to believe that the material was 

a definite homogeneous compound. 

The following extract from Qne of- Courtois I , pa.perslO 

illustrates this : 

, "In 1909 Neuberg and, Pollak described a 

mono-orthophosphoric ester.of sucros e .  This 

"substance is obtalned by phosphorylating sucrose 

by phosphorus oxychloride, 

This ester ,  whose cons titution still remains 

unknown, is always considered as a definite 

homogeneous product: We contribute results 

which support this homogeneity.- The various 

fractions of calcium sucrose phosphate obtained in 

the course of various preparations have specific 

rotations very analogous to the commercial, sal t .  

(Hesperonal-calcium,  Merck, has al l the properties 

of the calcium ' sucrose phosphat'e of Neuberg and 

Pollak), 

Attempts' to fractionate these sucrose phosphates 

as their salts with calcium and s tr ychnine have, 

not enabled us to s eparate preparations of 

different optical rotations ". 

. 1 10 11 12 13 14 15 CourtoJ.s ' , as wel l  as Neuberg , , " Hatano 

- and Sabetay and Rosenfeld16 have investigated the preparation 

·and composition of sucrose phosphates made in this way, 

-------,--,----
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The application of modern techniques such as 

chromatography and electrophoresis have enabled us to show th,at the 

product from the phosphorylation of sucrose by phosphorus 

oxychloride is not a single compound but consists of a ,mixture of 

various sucrose phosphates, the nature of which , however, is 

consistent . 

Elec trophoresis enables  the product made by Neuberg's 

original method and our modified methods ' (described in Item 8) to 

, b e  separated into four main sucrose phosphate zones, and if they 

are pres ent, into zones due to 

sugars (See Item 9) . In this 

i norganic ortho-phosphate and free 

figure zones (or bands ) 1-4 

represent the location of sucrose phosphates and band 5 the ,  

location of inorganic orthophos phate. 

they occur below band 1. 

I f  free sugars are pres ent 

Quantitative electrophoretic 'analysis (See Item 9) of 

i s everal different calcium ,sucroS,e phosphates indicates that the 

'/ ' phosphorus is distributed among , the various bands in the 

. ! proportions shown in the following table : 
; i I 

i 
! 

-----

, . 

% total phosphorus in 
Produc t , Band Band Band Band 

l ' 2 3 4 
>� 

CaSP (C.S.R.C. product, Lot 6) 7. 5 20 . 9  14.1 25.4 

Calc ium sucrose phosphate made 2.0 63 . 4  20. 7 13 . 9  
by Neuberg's method 

CaSP (S tauffer product) 3.8 13 . 8  14'. 9  30.7 

* 
, S ee de finition later in this s ection. 

product 
Band 

5 

31 . 1 

Nil 

36. 8 

------._- -� . . _,,""----_._._----- -- -- ------.,.-�- .. -.----. - .. �----�--.-------.--------- - --------- -._--"--- ----- -" - ---
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Neuberg's method produces the same components but a 

considerable los s  of c'alcium sucrose phosphates occurs in that 

method during the removal of the inorganic phosphate and exc e s s  
lime. We have observ�d that proportionally more of the band 4 

component is lost in that proces s .  . The overall yield o f  pro duct 

in. Neuberg 's method is.  approximate]'y one third that in our methods 

of manufacture • 

We have found that the band 2,component is sucrose-2-

phosphate. Of the other major components�  band 4 has been shown 

to be a sucrose monophosphate in which one o f  the hydroxyls o f  the 

fruc tose moiety o f  sucrose is phosphorylated. The difficulty 

of preparing fruc tose esters of known. configuration has prevented 

us to date from unequivocally defining the position o f  

esterification. Present indic ations are that it is either 

hydroxyl 3 '  or 4' . The band 3 component appears t o  be a 

monophosphate of sucrose in which the hydroxyl on the glucose 

moiety is phosphorylated. The b and i component from availabl e  

evidence is a disucrose monophosphate probably o f  the following 

type o f  s tructure : 

o 
" 

"' R-O-P'-O-R 
, 
OH 

(where R = sucrose  less ' one hydroxyl group) 

. Work is continuing in our Research Laboratories on the 

posi tive identification o f· these various sucrose phosphates which 

are produced by the phosphorylation o f  sucrose  in aqueous s olutions 

b y  phosphorus oxychlorid�. 
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The calcium sucrose phosphates which are the subject of 

this application should be defined as : 

the calcium s alts of phosphoric acid esters of sucrose 

produced by the phosphorylation of aqueous solutions of 

sucrose with phosphorus oxychloride . 

These calcium sucrose phosphates may be ass ociated with 

varying amounts of inorganic calcium phosphate which do not detr act 

from the properties ( in fact, the pres ence of inorganic calcium 

phosphates in some applications appears to be advantageous - see 

later Items ).  We will refer to these calcium sucrose phosphates 

containing various amounts of inorganic phosphates as GaSP in this 

application (Note : in some of the attachments reference may b e  
1 . made to "Anticay" ,  which is the registered trade name of our 

.! product. This is equivalent to GaSP) . 
! 

i 
. I , 

i 
. i I 

, . 
i 

I 

The inorganic calcium phosphate in the solid state in 
. GaS P  exists ess entially as an aIllorphous tri'calciUm phosphate in 

as s ociation with a mixture of amorphous calcium s alts of the 

. sucrose phosphate s .  . For exalllple, G. S .. R. G .  GaSP, . Lot 6 ,  contains 

approximately 15% by dry weight of this calcium phosphate. 

Inorganic calcium phosphates are either relatively 

ins oluble in water or generally suffer incongruent diss olution, 

(that · is,. dis solution accompanied by reaction) as when monocalcium 

phosphate dis solves in water but thetJ. undergoes hydrolysis to 

! ., form the les s  soluble dicalcium phosphate. In general it is well 

known that extended treatment of any calcium orthophosphate with 

• exc e s s  water leads to the formation of an insoluble apatite. 
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GaSP, however, is very soluble in water in spite of the 

fact that it contains a proportion of inorganic· calcium phosphate. 

These solutions are stable for long periods at concentrations 

exceeding about 5% by w·eight . Dilution· ot: these solutions s lowly 

precipitates an insoluble calcium phosphate associated with some 

sucrose phosphates . The precipitated material is highly dispersed 

and essentially amorphous; depending on concentration factors; 

it may form a gel or a viscous, hazy solution. Reconcentration 

o f  the solution redis solves the precipitate. We believe that 

these properties of GaSP solutions are due to complex ass ociation 

between inorganic calcium phosphate and calcium sucros e  phosphates. 

GaSP is. a fine , white powder which is not hygroscopic 

but is readily soluble in water. The amount of GaSP which c an 

b e  dissolved in water is apparently only limited by the extreme 

viscosity of solutions containing more than 80% solids. Unlike 

o ther phosphates of high solubility it has a bland taste, and can 

consequent·ly be added to foods without any advers e  affect on 

flavour . 

Neutral aqueous solutions can be boiled without any 

more decomposition than corresponding sucrose solutions. However , 

hot acidic or alkaline conditions will cause hydr olysis . This 

b ehaviour is again analogous to the parent compound, sucrose; 

however in the case of GaS P ,  as well as hydro�ys�s o f  the 
,. 

glycosidic linkage occurring there is hydrolysis ·o f.the phosphate 

bond also. 

The breakdown of· GaSP by acids and alkalis as wel l  as by 

various enzymes such as invertase, takadias tase and phosphatase 
h b 10-16 as een s tudied by the previously mentioned authors . , as 
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we.1l as by ourselves.  These reactions can lead to a mixture of 

the free sugars, sucrose, glucose and fructose as we ll as their 

phosphate esters together with inorganic phosphate s alts. 

mention of this is made in later Items of this application. 

Further 

6 Nature and &�ounts o f  impurities present in the additives 

The process of manufacture gives a reaction mixture 

which can contain various calcium sucrose phosphates , unreacted 

sucrose, unreacted lime , calcium chloride, inorganic calcium 

phosphate, trichlorethylene, ethano�, water and small quantities 
of glucose and fruc tose and their phosphates .  

The calcium sucrose phosphates can be recovered from 

this reaction mixture in different ways as desc.ribed in Item 8, 

and depending on these and the completenes s of the reaction, the 

final product will contain varying amounts of' these materials .  

Considering these in turn ; 

Sucrose 

Not all the sucrose is phosphorylated and there is 

always some free sucrose is the reaction mixture .  In those 

manufacturing methods which employ alcohol precipitation or 

leaching to recover the produc t less  sucrose remains in the final 

product than in the case where dialysis is used as a method o f  
recovery. This sucrose ,can be regarded simply as a diluent t o  
the active phosphorus and calcium containing compounds and has 
no deleterious properties in the use of the product. 

The amount of sucrose in the product can vary from 

trace amounts up to about 20% by weight of the dry product .  
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Lime and calcium chloride 

The reaction is controlled to give a pH which is less 

than 10. 5 . The bulk of the lime is converted to the calcium salts 

of the various phosphates and c alci�� chloride. Too great an 

excess of calcium chloride in the final product is undesirab l e ,  

both because o f  advers e taste and the hygroscopicity which it 

produces.  It  is the main purpose o f  the recovery steps to reduce 

the calcium chloride to a level where these  e ffects are e liminated. 

The small &-rlount of free lime remaining has little adverse 

effect on the final product apart from turbidity and pH of the 

solutions when the product is diss olved. The amounts of free lime 

and calcium chloride in the product are less than' one percent of 

the dry product weight • 

,Inorganic calcium phosphate 

Because the reaction is carried out in aqueous solution 

it is not pos sible to prevent the hydrolysis of some o f  the 

phosphorus oxychloride to phosphoric acid and its neutralization 

by lime to give inorganic calcium phosphates . 

This calciu.-rl phosphate, provided it is not present in 

excessive amounts , is solubilized by, as sociation with the sucrose 

phosphates.  This is a complex ionic association which is not 

well defined and which we are at pres ent studying in our Research 

Laboratories .  The pres ence o f  this solubilized inorganic calcium 

phosphate in the calcium sucrose phosphate product is not 

disadvantageous . The &-rlount is , however, limited to about 20% 
b y  weight of the dry product in ouI: specifications in order to 

ensure a product in which there is sufficient calcium sucros e  
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phosphate and in which the bulk o f  the inorganic calc ium phosphate 

is soluble in aqueous solution. 

Trichlorethylene, ethanol and water 

We have found that the reaction can be carried out with 

or without trichlorethylene as a diluent for the phosphorus 

exychloride. Where it is used the methods of recovery ensure that 

the con'centration of this subs tance in the final product is wel l  

below ( le s s  than 1 0  p . p. m. ) the l evel a t  which i t  could have toxic 

effec ts.' In alcohol precipitation or leaching 

remaining after the s eparation o f  the bulk from 

any trichlore thylene 

the reac tion 

mixture i s  removed in the large vollli�es of aqueous ethanol us ed,  

and in the final drying. In the dialys is purification any 

residual trichlorethylene is lost during the dialys i s  and spray 

drying" s teps . 

The recovery of calcium sucros e  phosphate s  may or may not 

"I involve the use of ethanol. " Where ethanol is used any residual 
! 

'i ethanol in the product is reduce d  by drying to an acceptable level. 

( le s s  than 1% of the weight of the product) Water is present as 

moisture in the final product but i s  generally less than 15% of 

the weight of the product. 

GlUcose,  fructose and their phosphates 

Although we have not specifically detected all these 

sub stance s  in the products from the phosphorylation o f  sucros e it 

is pos s ib le that small quantities of these may occur due to the 

hydrolys i s  of sucrose during the" reaction. They would be preser:t 

in the product, if at all , in only trace lli�ounts ( le s s  than 1% of 

the weight of the product).  
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Poisonous metals 
i _ The limits for these metals follow the general practice 

�\>r food additives and food products . ·At the maximum level o f  

use o f  calcium sucrose phosphates ( say 2% b y  weight of the food) 

the level of poisonous metals introduced into the food is well 

below generally acceptable limits .  

Lead in the ca lcium sucrose 

than 10 p. p.m. Ar senic i s  les s  than 

phosphate 

4 p .  p . m. 

products is les s  

These levels would 

result in a maximum addition to foods bf les s than 0. 2 p. p . m. lead 

and less than 0.08 p . p . m. ar senic on the weight o f  the food. 

7 Standard o f  purity for the additives 

From the information contained in Items 5 to 9 it can 

be seen that the nroduct o f  various nroces s e s  for the manufacture . . 

·o f calcium sucros e  phosphates can range from a material which 

contains in excess  of 95% of the dry weight as calcium sucrose 

phosphates to a product which contains about 5 0% o f  dry weight a:s 
. calcium sucrose phosphates . This variation i s  due mainly to the 

presence of varying proportions o f  free sucrose and inorganic 

c alcium phosphate.  Sucrose i s  obviously a.di1uent to the 
.� c ariostatic properties of the calcium sucro s e  pho sphates ,  but the 

soluble inorganic ca1cilli� phosphate would b e  expected to make 

some contribution to . the cariostatic properties ( s ee Item 20 in 

this application) . 

Neverthele s s  for the purpos e s  of the propos ed regulations 

governing the us e o f  calcium sucrose phosphates as car iostatic 
agents we assume that the cariostatic activity i s  due s olely to 

the calcilli� sucrose phosphates . 

---------.. -----
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The proposed standard of purity of calciTh� sucrose 

phosphates as food additives should be as follows : 

Ca) The cariostatic food . additives designated as calciuni . 

sucrose phosphates shall contain at least 50% by weight 

of dry material as calcium sucrose phosphates .  

(b)  Total free s)lgars ( such as sucros e , glucos e, fructose, 

etc) and inorganic calcium phosphates are permitted in 

the product provided that the concentration of each in 

the cariostatic food additive doe s  not exceed 20% of ·the 

dry weight of the product. 

Cc )  The total cal�ium concentration in the additive shall 

be in the range 10 - 13% calculated on a dry and sugar 

free bas i s .  

Cd) 

( e )  

The total phosphorus concentration in the additive shall 

be in the range 8 - 11% calculated on a dry and sugar 
free basis. 

. The inorganic phosphorus content in the additive s hall 

not exceed 3.0% calculated on a' dry and sugar free 

basis. 

(f) The concentration of calcium chloride in the .additive 

shall not exceed 0.5% determined as. chloride on' a dry 

and sugar free bas i s .  

(g)  The concentration of trichlorethylene in the additive 

shall not exceed 10 p.p.m. determined on a dry and 

sugar free basis. 
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(h) The content of lead in the additive s hall not exceed 

10 p. p .  m. determined on a dry and sugar ffee basis . 

( i )  The content o f  arsenic i n  the additive shall not exceed 

4 p . p . m, determined on a dry and sugar free basi's . 

(j ) 

(k) 

The content of ethanol in the additive shill not exceed 

1% by weight on. a dry and sugar free bas i s .  

The p H  o f  a 1% agueous solution, one hour after making 
- !) 

up, shall be between 7 and 10.5. 
(1) The colour and turbidity o f  a 25% queous solution shall 

be less than 420 E.C . U .  ( empirical colour units )  and 

less than 260 E.T . U .  (empirical turbidity units )  

respectively. 

Methods for these  determinations are given i n, Item 9 .  
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8 Method of manufactur e_ of the additives 

Calcium sucrose phosphates were firs t  prepar e d  in 1910 

by Neuberg and Poll
-
ak12 , 13,14

, by the reaction of phosphorus 

oxycqloride_ on an aqueous solution of sucrose in the pre senc e of 

excess calc ium oxide , by the fol lowing reaction : 

analys es 

After purification , the product had the following 

Ca 
p 
C 
H 

8 . 02 
6 . 31 

28 . 85 
5 . 29 

Calculated values - 8 . 07 
6 . 25 

2 9 . 03 
5 . 0 4 

and contained 2 moles of water of crystallization, and s o  

approximated the following formula of the mono-orthophosphate 

e s ter of sucrose 

The above process  for the manufacture of calcium sucrose 
- 17 

phosphate was patented in 1910 by Chemische Werke vorm Dr. H .  Byk . 

Sucrose phosphoric acid e ster was manufactured in Germany 

and marketed under the name Hesperona1 , and the salts as Calcium 

Hesperona1 , etc . , produce d  by E. Merck, Darmstadt , and use-d as a 

substitute for calc ium glycerophosphat e ,  which had become 

expensive under war conditions . A number of reference s  concerned 

with the use of this material are given in Item 13 ( e )  o f  this 

application. 

Fischer ( 19 14)
18 also phosphorylated sucrose with 

phosphorus oxychloride , however in this case he us e d  pryidine as 

- - ------------
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The product obtained was different from 

that obtained by Neuberg, but is probably also a mixture containing 

isomers of mono-phosphorylated sucros e  plus di- and tri-ester s , 

with the pos sib ility of cyclic phosphate ester s .  Very little work 

has been carried out on this product due to the di fficulty in 

s eparating the different isomers .  

Another method that has been used to prepare phosphate 

esters of sucrose was by the react ion of sucrose in anhydrous 

A lthough thi s  pyridine with phosphorus pentoxide at 
19 

method was the subj ect of a patent no further work was carried 

out as the produc t was difficult to i solate and puri fy. The 

pro duc t would also be a mixture o f  phosphate e sters of sucros e .  

The c alcil!ID sucrose phosphates which are the s,ubj ect o f  

this application are produced by phosphorylation o f  s'ucrose  with 

phosphorus oxychloride in aqueous solutions . We have introduce d  

various improvement s  to,the original method used b y  Neuberg. These 

modifications, which facilitate improved yields and recovery of the 

c alcium sucrose phosphates , do not produc'e c alcium sucrose 

phosphat'e s  different in kind , from' thos e  produc ed by Neuberg r s 

method. The di fference s  between the produc ts produced by the 

methods which we have developed and those of Neuberg lie in the 

relative proportions of the various c alciTh� sucrose phosphates and 

inorganic calcium phos phate in,the final product.  

The main method which we have used for the produc tion of 

calcium sucrose phosphates in Australia is  outlined in reference20
. 

The phosphorylation o f  an aqueous s olution of sucr o s e  with 

phosphorus oxychloride in the pre s ence of lime yields' a reaction 

mixture which contains c alcium sucrose  phosphates , unreacted 

----------�------.--.-- --.------_ ... _--_.------_._-----------_ ... -----_._-----.. --
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sucros e ,  calcium chloride , lime , inorganic calciTh� phosphate , p lus 

traces of glucose and fructose and hexos e  phosphates formed by the 

hydrolysis of sucrose during the reaction , together with the 

solvents used , trichlorethylene and water . 

The product is isolated by fir st centrifuging off the 

small quantity of insoluble calc ium phosphate formed during the 

reaction , then separating the ins o luble trichlorethylene layer. 

The calcium sucros e  phosphates 'are recovered from the reaction 

mixture by precipitation with e thanol .  This precipitate contains 

co -precipitated calc iTh� chloride and sucrose.  It  i s  further 

purified by repeated' extraction with 80% ethanol solution, This 

removes ' c alcium chloride , trichlorethylene and mos t  of the sucrose 

from the product , which' i s  then dried to remove e thanol .  Thus the 

final product contains mainly calcium sucrose phosphates , inorganic 

calcium phosphate and water . Traces of sucros e ,  calcium chlor i de ,  

lime , ethanol and some free sugars and hexos e  phosphates may remain 

in the produc t .  

! During the produc tion o f  the three and one half tons o f  

. i calcium sucrose phosphates which have been produce d  in Aus tralia 

to date s ome further improvement s  have been made , which however , 

do not alter the essentialS of the' process . Thes e  improvement s  

h· h ' d ' � 2 1  
I ' h f W l..C are summarl..se l..n rererence consist of s l..g t modi ications 

to the proce s s  flow sheet and the s pray-drying o f  the alcohol 

precipitated produc t .  

Further improvements to the basic process for the 

production o f  calcium sucrose phosphates by phosphorylating sucrose  

in aqueous solution with phosphorus oxychloride have been 

developed by our associates in the U. S . A. This method
22 

differs 
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from the previously described method in that the phosphorus 

oxychloride is not diluted with trichlorethylene . This facilitates 

the subsequent purification &,d recovery o f  the calci�� sucrose 

phosphates without altering the nature and yield of the calciTh� 

sucrose phosphates in the reaction. A further difference is 

that the reaction mixture is pur i fied by dialysis instead o f  by 

alcohol precipitation and leaching. 

recovered by spray drying. 

The final product is 

The calcium sucrose phosphates in this 'product do not 

differ :from those in the previously described methods. However 

the relative proportions of calcium sucrose phosphates , inorganic 

calciTh� phosphates &,d free sucrose are altered by the method of 
.... 

purification ( see Table Item 5 ) . 

The original Neuberg method is not economical for the 

production of large qu&,tities o f  calciTh� 

food uses. The basic method outlined in 

sucrose phosphates. for 
2 0  reference has been used 

to produce all material used in Australia. However for the 

clinical trials 

centrifuged and 

food use. The 

as a food additive the produc t was r edissolved , 

d . d2 1  
� . ' . d spray- r�e �o g�ve a more conven�ent pro uct 

th d . l ' d ' - 2 2  d I d  b h me 0 out �ne �n rererence , eve ope y t.e 

Stauffer Chemical C ompany U.S.A. , is more economical than that 

d ' b d '  f 2 0 , 21 d ' 11 b d d h escr� e �n r e  erences an w� e use to pro uc e t e 

material commercially. 

The calcium sucrose phosphates made by these related 

processes are equivalent in their properties and are covered by 

for 

a common speci fication (see Item 7). They are also equivalent in 
their cariostatic properties based on their calciTh� sucrose 
phosphate content . 
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Analytical controls in manufactur:"::c.g, process ing and 

packing of the additives 

The fac ilities for manufacturing and p,c,ckaging c alcium 

sucrose phosphates , (CaSP) , both in Australia and the U.S . A. are 

of appropriate standards so that the products are of food grade and 

they are prepared and h��dled as food ingredients .  

For research, animal tes t s ,  toxicity evaluations and 

clinical investigations in Australia over three and one half tons 

o f  GaSP have been manufactured by a sub s idiary of the Colonial . 20 21 
Sugar Refining Co.  Ltd. , by the 'method outlined in references ' • 

This company, C . S.R. Chemicals Pty. Ltd . , produces a number of 

chemicals for food , including such materials as sorbitol and 

mannito l .  

The raw materials which are us e d  in the produc tion of 

CaSP - sucrose,  phosphorus oxychloride , lime and trichlorethylene 

meet the specifications set out in reference21• 

The CaSP product from each reaction batch, which is 

;� carried out on a scale o f  approximately one to two hundredweight , 
, i 

is anaiysed according to methods described later and falls within 

the prescribed specification ( Item 7) . 

The CaSP product manufactured in the U. S . A. 

Stauffer Chemical Company by the proce s s  described in 

by the 
22 re ference , 

and which will be used in clinical trials to be carried out in the 

U. S.A. , is subject to a similar quality cont�ol and falls within 

the same specifications as the CaS P product manufacture,d by 

C .  S .  R. Chemic als ' Pty. Ltd. 
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CaSP prepared by C . S . R. Chemicals Pty. Ltd. is packed in 

sealed polyethylene bags inside a fibre carton. For most purposes 

the material is packed in 5 6  pound lots which are forwarded to the 

manufacturers of the foods' or toothpaste used in the clinical 

trials. For smaller consumers the material is repacked into ' 

polythene bags inside tins with press-fit lids.  As CaSP is a free 

flowing , non-hygroscopic , white powder there are no difficulties in 

the h&,dling and packaging of this material . 

A complete schedule of all production by C . S . R. Chemicals 

Pty. Ltd. , and use of " calcium sucrose phosphates is maintained23. 

Analyses are carried out on all production b atches24 to determine 

that the product falls within the required spec i fication (see I tem 7). 

T):le determinations which are currently used for the control 

o f  manufacture of CaSP comprise the ·following : 

( 1) Calciu.-n 

( 2 )  Total phosphorus 

( 3 )  Inorganic phosphorus 

(4) Chloride 

(5) Free sugar s 

(6) Water 

(7) Heavy metals as lead 

(8) Arsenic 

(9) Colour , turbidity and pH 

The analytical methods which are use d  for these 

d t . t ' d '  b d ' " 25 
A I "  ( ) (4) e erm�na �ons are escr� e �n rererence . na yses 1 _ 

are normally carried out on each reac tion batch before they are 

b lended prior to packing. Reaction batches are normally b l ended 
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to comprise a larger batch before packing. In the case of the 

s pray dried product several reac t ion batches are dis solved, 

c entrifuged and spray dried in the one operation. 
, 

This achieves ,a 

b lending of these reac tion batche s .  Complete analys es ( 1 )  to (9)'" 
are therefore carried ou-t on the final uniform blended or spray 

dried product. These 

the. packed containers .  

analyses are done on s��p1es taken from 

�h 1 l ' d " " 
24 

1 ese ana yses ��e lste ln reIerence . 

Elec trophoretic and anion exchange methods for the 

analysis of calcium sucrose phosphates are als o  des cribed in 
25 

. 
reference • These are not 'use d  routinely for the quality control 

o f  CaSP but are used to compare the proportions of different ca1cilli� 

sucrose phosphates in the -product s  prepared by di fferent methods 

( s ee Tab le in Item 5 ) .  The variation in the proportions of these 

various components from batch to batch in a given method of 

production is  not significant. 

10 . Evidence for the need for the additives 

As pointed out at the beginning of this application the 

fact that this food additive is for use in the control of  dental 

caries renders it different from those normally considered. For 

this reason evidence for the need for such an additive must come 

from the medical and dental fact s  concerning this pub lic health 
26 

problem These matters will be more fully covered in Items 2 0 ,  

2 1  and 22. 

There are no di fference s  o f  opinion on the fact that 

dental c aries in modern, c ivilized communities is a major public 

health problem. No one preventive measure has been, or i s  l ikely 

to be, one hundred per cent effective. Such preventive measures 
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as regulation o f  diet , oral hygiene and fluori9ation of water 

sunnlies have been shown to have some e ffect in reducing the . 
. . . 

incidence of dental carieso The present proposal for the use of 

a food additive which has also been shown to reduce the incidence 

of dental caries is consistent with the multi-pronged attack which 

must be made to alleviate this public health problemo 

11 Stability and persl stence of' the additives in foods 

As shown in Item 14 it is proposed to use calc ium sucrose 

phosphates (CaSP) , as additives in processed c arbohydrate foodso 

Such foods include bread , flour, biscuits and cakes ( or their pre­

packaged mixes ) breakfast c�reals ,  sugar , sugar syrups , honey; j am, 

c anned fruit ,  confectionery, soft drinks , fruit j uices and cordialso 

The stability o f  GaSP in these different foods varieso  

Like the sugars themselves, although stab le to heat at the normal 

pH ranges of many foods , c alcium sucrose phosphates can b e  broken 

down by ac ids and alkalies and various enzyme s 0 ( s ee Item 13 ( c» 0 

Consequently in the proce s s ing of foods in 'ilhich the acidity or 

alkalinity is high, or in which s ome enzymatic step is .involved ,  

there is s ome breakdown o f  GaSPo 

For eXwilple ,  in sugars , sugar syrup s ,  honey and flour 

CaSP is stable and there is  no loss on proce s s ingo In bread there 

is s ome breakdown o f  CaSP in ·the yeast leavening s tep and also to 

a lesser extent in b akingo In biscuits , c akes and other baked 

goods there is some breadkowTl of GaSPo In jwus GaSP is added 
prior to packing in order to avoid prolonged boiling at low pH 
values ,  but there is nevertheless s ome breakdown at these low pH 
values 0 In acidic soft drinks and fruit juices  there is also 
s ome hydrolysis of c alciuill sucrose phosphates o· 

--- .�--.---� 
�- ..• �-.--... --.- . .•. --_ .. _- ----_ .. - -.. -.� 
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The partial breakdown of c alcium sucrose phosphates under 

these conditions involves both the hydrolysis of the glycoside 

linkage to form free sugars and hexose phosphates as well as 

hydrolysis of the phosphate e s ter linkage to form free sugars and 

inorganic phosphates .  This saIne partial breakdown occurs with 

naturally occurring organic phosphates during the proc essing of 

foods . For eX&liple Pringle and Moran27 estimate that flour loses 

of the order of 5 0% of its phytic acid during processing . 

vIe have found that in some baked foods the breakdown of 

the sucros e  phosphate can be of this same order. However the 

breakdown products , ' hexose phosphates and inorganic phosphates 

I b h 53 b . .  t' . �h d' � . e • I a so een s own to e c arlos�a lC In � e le� or anlma s. 

have shown (in animal experiments5 3 ) that G�SP baked in bread 

have 

We 

and 

biscuits is equally, if not more e ffactive , ·  than.GaSP incorporated 

in the diet after processing. 

The accumulation of evidence suggests53 that the intimacy 

of admixture of the phosphate and c arbohydrate food is import ant in 

the cariostatic e ffect of phosphates in the diet of animals. With 

a readily soluble material such as GaSP a uniform incorporation in 

foo ds is facilitated. Moreover , any breakdown of· GaSP to pro duce 

insoluble products would be expected to result in a high degre e  of 

dispersion . of such products. We have also shown that inorganic 

calcillili phosphates can be solubilised by the sucros e  phosphates. 

Analytical methods show that the major part of the added 

phosphorus and c alcillili remains in a water s oluble form 

processed foods. Electrophoretic and chromatographic 

in the 

1 . 

25 ana YSlS 
o f  the foods also shows the presen.ce of all the sucrose phosphate 

components present in GaSP. 

-----------�.-.. �-. 
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The clinical trial which we are c arrying out (see Item 20) . 

uses foods in which calcium sucrose phosphates have been added 

during processing . The consumption of the s e  foods has been shown 

to reduce dental caries in cons��ers of such -foods . This i s  

conclusive evidence that the additive has its des ired effect in 

spite of some breakdown which occurs during the processing o f  these 

foods. 

12 

( a )  

( b )  

Analytical methods to determine : 

the amolli,t of additives in foods 

substances formed in such foods because o f  the use of 
the additives 

(a) The analys i s  for calcium sucrose phosphates per se is not 

a s imple procedure and electrophoretic or colUIlb."l chromatographic 

methods must be used for the separation of the sucrose phosphates 

from both other organic phosphates and inorganic phosphates which 

may be present in Lhe sample. 

t - t � - b . 25 . , quan l -aLlve aSlS . but taese 

This can be carried out on a 

techniques are not ideally suited 

to routine use on a large nUlnber of s amples . 

For this reason and the fact that the formulation and 

inspect ion o f  foods prepared for the trial can be adequately 

controlled by more s imple analyses for total and soluble calcium 

and phosphorus , we have not used these techniques routinely. 

However-they are quite c apable of being used by properly equipped 

and trained laboratory pers onnel and we have used them as . random 

checks on the other methods o f  analysi s .  

The amount of the additive added t o  the various foods 

used in the cl inical trial was contr·olled by the analytical methods 

- . .  �---�-- ---------�- --�- . 
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- . " 28 
descri ed In rererence These methods involved the 

determinations in the food 

Total phosphorus 

,To'tal calciu.'Il 

of. � 

Total soluble phosphorus 

Total soluble inorganic phosphorus 

Total soluble calcilli'Il 

Moisture content 

�,owing the levels of these in the untreated food this 

enables the content of added GaSP to be checked, 

(b) Substances which may be primarily formed in foods because 

of the presence of the additive would be limited to the breakdown 

products of the calcilli'Il sucrose phosphates which may be formed 

,during the processing or storage of such foods, As pointed out in 

Item 11 the three ;:-:c)cducts of breakdow" of the' calcium sucrose 
, " 

phosphates are free sugars. inorganic phosphates and hexose 

phosphates, 

The analysis, for these products in foods can be carried 

out in various wayso For example free sugars can be estimated 

by the numerous methods listed in "Food Composition and Analysis,,
29

, 

However in carbohydrate foods obviously there could be interference 

from sugars naturally present, Inorganic phosphates can be 

determined by the method described in reference
28 

or by other 

standard methods which are available for determining phosphates in 

foods, Hexose phosphates c&�be determined by the ion exchange 

h . � h �h d d ., d . " 
28 

, h . .  1 c romaLograp y meL.O escrlDe lU rererence ' or Dy ot er Slml ar 

t h . h' h ' - d . , -30 
- 11 -ec nlques w lC nave been escrlDed , In a cases these 

breakdown products are similar to products which can occur 
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naturally in foods and these must be allowed for in any analysis. 

The interaction of calciQm sucrose phosphates ill,d their 

breakdown products which have been described, with the foods 

themselves during cooking or processing would be similar and as 

complex as the interaction of the components of the foods themselves • 

Such reactions as caramelisation of sugars, formation of 

melanoidins by reaction of sugar"S and amino acids may also occur. 

It would not be possible to distinguish these from those products· 

formed from the foods themselves during processing. 

13 Pharmacological and toxicological investigations on the 

the additives 

(a) Acute. short-term and long-term (chroniC> toxicity 
studies 

Acute and short term toxicity tests were carried out by 

Dr. B. Lilienthal,. Melbourne University. The procedures were 

those outlined in·the W. H. O .  Report on safety of food additives
31

. 

In the acute toxicity tests the animals employed were 

2 0  male and 2 0  female rats, 2 0  male and 20 female guinea p.igs, and 

4 female dogs. GaSP. wa.s given to these animals in a single 

administration, by stomach tube in the case of rats and guinea pigs 

and mixed with minced meat in the case of the dogs. Controls ,vere 

given an equivalent lli�ount of water or untreated meat. There were 

no toxic signs nor mortalities at a dose of 5 g/kg body weight. At 

this level there is no necessity for an accurate determination of 

the LDSO' 

_. - _.-... . ---_._-.--- ---- - ------_ .. ---
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The short -term toxicity tests used a single dosage l evel 

which was at the maXimDril level of 10% in the diet� The W. H. O .  

Report states that there is no useful purpose  served by employing 

higher leve ls than 10% in the diet . At the time of this study, 

as we proposed to c arry out long term ( chronic ) toxicity tests at 

s everal different levels ,  we were only interested in observing a 

maximum effect as an indication of what we could exoect in the 
. -

long term tests. 

of any toxicity. 

The results of the s e  -tests showed no indication 

Again as a pointer to what might be expected in more 

extensive reproduction studies a short term breeding trial was 

carried out by Dr . Lilienthal . In this trial the fertili-ty and 

gestation indices were 100% for the group of rats fed 2 . 0% CaS P  

in the diet, and no different from the c ontrol group . 

A comprehensive study of the long-term (chronic ) toxicity 

of c alciTh� sucrose phosphates and their effects on reproduction 

over three generations was carried out by Hazleton Laboratorie s , 

Inc., Falls Church, Va. , U. S. A., under the direction of 

Dr. O . E .  Paynter. The se studies were commenced in June 1963 and 

were completed in December 196 5 .  

Dietary administration of calci'dm sucrose phosphates to 

albino rats was conducted over a 2Lf month period at levels of 

2.0 , 5.0 and 10.0%. The criteria evalua-ccd were appearanc e s 

body weight ,  food consTh�ption , food efficieIIQY, clinic al value s , 

terminal body weights s 'organ weights , .organ/body weight ratios , 

survival and gross  and microscopic pathology. No toxic effects 

which could be related to the ingestion of the compound ,,;ere 
observed3 2

. 

- --------- -- - -----�------------ ----- ---
-- -- - -- --- -- -�- -------------- -- - .--------------- ------�- - -----�- ----------
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The dietsry feeding of calcium sucrose phosphates to dogs 

at levels of 2.0, 5.0 and 10 . .0% for two years produced no 

observable effects with respect to behaviour, body weight, food 

consumption, haematology, clinical biochemical determinations, 
. 1 . h ·  d '  . th 1 33 Drlne ana yses, organ welg ts or gross an mlcroscoplC pa , 0  ogy . 

The ingestion of calcilli� sucrose phosphates at a dietary 

level of 5 . 0% had no ad\Terse effect on the reproductive performance 

of albino . .  . . 34 rats �hrough rhree parental generatlons . 

(b) Physiological effects and reactions in response to the 

additives 

These studies comprise part of the work carried out by 

HaZleton Laboratories and reporred i� the preceding section (a). 
. � 32-34 . As reported In rererences there were no physiological effects 

or abnormal reactions which could be ascribed to.a response to 

calcium sucrose phosphates. 

(c) Biochemical informatio2 and metabo1ic studies 

The proposed use of· calcium sucrose phosphates can be 

compared with the use of such food additives as calcium 

glycerophosphates and the sodium phosphate derivatives of mono­

and di-glycerides from the glycerolysis of edible fats or oils, 

which are generally recognized as safe in foods (see 
'">" 

pOL' -.� d o t ' ;-.b '·-1 " 0 . .:ll. . - d dd'" " ... e u In �.e ,. n. . reporr on roo a ltlves, 

(e». As 

such types 

of food additives, fu,d the ex@uples which they give, glycerol 

monostearate and monosodium glutaluate, have been accepted ivithout 

much question because of t:he general knowledge in the relevant 

areas of carbohydrate, fat or protein absorption. 
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The role of sugar phosphates in intermediary metabolism 

is well established, �s is the occurrence of these substa�ces in 

foods , The biochemistry of sucros e phosphates is similar to that 
_ 6 7 8 9 of the sugar phosphates generally , , ' .  The phosphate and 

glycoside linkages in the sugar phosphaces c an be hydrolysed under 

suitable chemical conditions., or by enzy-mes ,  to produce free sugars , 

and inorganic phosphates .  The s e  products then behave according 

to the Wel l  known chemistry and biochemistry o f  sugars and inorganic 

orthophosphate s .  

The acid hydrolysis o f  sugar phosphate s  has been studied 

by a nlli�ber of workers including Farrer35 . Factors which affec t  

the rate o f  hydrolysis are temperature,  pH , and structure.  The 

vicinity of the phosphate group to the' carbonyl group and whether 

the sugar exists in the furanose or PTranos e  form influence the 

rate . of hydrolysis . For example glucose- 2-phosphate hydrolyses 

20 times faster than glucose-6-phosphate and fructose-6-phosphate 

hydrolyse s  4 times as fast as glucose-6 -phos phate. 

The calcium sucrose phosphates behave similarly. Acids 

hydrolyse the -P-O-C- linkage to give free sucrose and inorganic 

phosphate. Hydrolysis of the glycoside linkage also occurs to 
• .  10 11 15 16 prodUce hexos e  pnosphaces a:.,d free hexoses ' , , 

• \1'e have 

shown36 that the various components (bands 1-4) of the mixture o f  

sucrose phosphates produced by Neuberg ' s  methods and our 

modifications of it , hydrolyse at dif£ersnL r ates �o produce either 

free fruc tose or free glucose and a glUCOSe phosphate or fruc tose 

phosphate depending on the position of phosphorylation of the 

original sucrose molecule .  These glucose and fructos e phosphates 

can in turn break down to the free sugars and inorganic phosphate s .  
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The e ffect o f  enzymes O� calciQ� sucrose phosphates l eads 

to products similar to those obtained at the various stages o f  acid 

will hydrolyse the hydrolysi s .  W h h 36 · h · , -
. 

e ave s own t:_ 8."[ lnverL.ase 

glycoside bond in c alcilli� sucrose phosphates to produce the 

corresponding free hexose and hexose phosphate . 

Tomita studied the action of phosphatases on hexose 

phosphates37 and on sucrose phosphates
38 prepared by. Neuberg ' s  / 

method. He showed that phosphatases from var�ous organs break 

dOw"'l1 sucros e  phosphate s  in a manner s imilar to that in which they 

break down hexose phosphates .  We  have also  confirmed that b oth 

acid and alkaline phosphatases are c apable o f  hydrolysing calcium 

sucros e  phosphates to sucros e  and inorganic phosphate .. 

A study o f  the metabolism &"'1.d excretion of caJ.cium 

sucrose phosphates in animal s  has been c arri e d  out by Vickery 

and Wright39 . The work compares the excretion o f  GaSP with that 

of sucro s e .  The results show that at a level of about 7 0  mg/kg 

body weight GaSP i s  a readily metabolized nutrient whose behaviour 

does not differ s ignificantly fyom that of sucr os e .  Moreover ,,,hen 

GaSP was taken orally by humans at � dosage o f  as high as 300 mg 

GaSP/kg body weight , less  than 1% of the dose could be detected 

in urine 40 (At 1% GaSP added to total c arbohydrate intake the . 

normal daily dos e  rate in the re ference man would be 60 mg/kg b o dy 

weight) . These fac t s , together "lith the preceding biochemical 

i�formation , suggest  that at the levels proposed GaSP is a readily 

metabolized nutrient in man. The sucrose moiety is as capab l e  of 

being utilized as sucrose is itself,  leaving the calc ium and 

phosphates available for body requirements in a manner similar to 

the c alcium and phosphates pres ent in naturally. occvrring 

carbohydrate foods.  

-----------_ . -_. 
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I t  i s  relevant t o  C!o:npare tha obs ervations sTh.1llTlar izf3d 
above with r:he biological data on poly;:>hosphates reported b. H . E . O .  
Technical Report No . 28141. . This report refers t o  s tudies which 
indicate that po 1yphosphat.es c a:l b e  hydrolysed by enzymes with 
the formation of monophosphate and also to the occurrence of only 
trace �-nounts of labile phosphetes in the urine after the oral 
administration o f  po lYpho s phates . 

The conclusion o f  the report was as fo llows : 

HThe most important ob servation is that; polyphosphat6s are nqt 
ab s orbed as such to any s ignifica::lt extent , but only in the form 
o f  monophosphates to which they are broken down in the intestine 
. . .  Thus for purpo ses o f  toxicological evaluatio�'; ' polyphosphat e s  
may b e  c onsidered equivalent t o  monophospnate s " .  

The ob servations re ferred t o  previous ly, sugge s t  that 
sucrose phosphate s , l ikewise , can be c ons idered to b e  equivalent 
to a mixture o f  sucrose and inorga.'1ic phosphate for toxicological 
evaluat ion. Results o f · the acur:e and chr onic toxicity s tudi e s  
which have been carried out to date a<"ld reported in the previous 
sections do not con"tr adict this ( s e e  also Item 18 ) � 

C d) Evi dance o f  non interf-e-renc€: of the additives with 
e s s ential die t ary constituents 

Evidence that calciu,n sucrose phosphates do :101: inter­
fere with e s s ential dietary cons tituents i s  provided b y  the data 
contained in the preceding sections ( a) , (b) aau ( c ) , 2.."1d also 
in the medical eXalninations of chi l dren in the food additive 
cliniial trial described in I t em 20 of this application. 

- -_.--------
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The fact that rats � d  dogs fed on' diets c ontaining as 
high as 10% of calc imn sucrose phosphates grow normally and have 

h r d -F - • • 

• 1 1 ' .  

3 2 ,33 
h t e Bame roo e .... t�c1.ency as anl.ma s on a. nO,!:'ma dle!: � s ows 

c l early that calc iu.'U sucro s e  phosphates do not interfere with 

e s s ential dietary · constituents o  Fur-chermor e ;  the biochemic a l  data 

and the co�parison of metabolism and excretion 

h . t . th .3 9 ,40 h t" l '  p o spna es W� · sucrose . S1.0W .na-c c a  c �mn 

in fact have food value in their ovm right. 

of calc imn suc r o s e  

sucros e phosphates 

Medical exa'ninations of children recelving for one year 

an average o f  4 gra;11 calcia'll sucros e
' 

pho sphates per day in the 

processed carbohydrate por-cion of their normal diet showed �o 

difference in the normal criteria of nutritional s tatus from 

chi ldren receiving a normal die t .  ( s ee Item 20) . 

( e )  SlliTh�ary o f  pe��i nent literature . 

Many phosphates are generally recognized as safe i:l. foo d s .  

A l i s t  o f  the s e  phosphates i s  shown in Tab l e  I • 

. .•. . ��.-.�� .. -� .. -�� 
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Phosphates g ene�("�j 1 y recognized C�S s a fe i n  foods 

Da-ta from S ecti 0;:1 1 21 < lO� ( d) o f  U . S .  Code o-P F e deral 

Regul ati ons Tit l e 21 Revis e d  as of January 1 ,  1 963 

Phosphate 

Ammonium phospha t e ,  monob asic 
��onium phosphate , dibasic 
Calc ium glycerophosphate 
Calc ium hexametaphosphate 
Calc ium phosphate monobasic 
Calc ium phosphate monobasic 

- Calc ium phosphate tribasic 
Calc �Qm pyrophosphate 
Calc ium phytate 
Ferric phosphate 
Ferric pyrophosphate 
Ferric sodium py-.cophosphate 
Magnesilli� phosphate ,  dibasic 
Magnesipili� phosphate , tribasic 
M&�gane s e  glycerophosphate 
Monosodi-wn phosphate derivatives o f  mono- and 
diglycer ides from the glycerolys is o f  e dib le 
or oils 
-phosphoric acid 
Po tass illi� glycerophosphate 

_Potass iTh� phosphate , dibasic 
Ribo flavin-5 -phosphate 
S o dill111 acid pyrophosphate 

' S odr�� aLmniniTh� phosphate 
So dium heXfuuetaphosphate 
Sodilli� phos ph�te , monob as ic 
Sodi�� phosphat e ,  dibasic 
Sodi-�m phosphate , tribas ic 
So dium tripolyphosphate 
Tetrasodium pyropho sphate 

fats 

N - Nutrient and/or D ie t ary supplement 
S - · Seques tr6.nt 

Use 

M 
N 
N 
S 

NSM 
NSM 
NSN 

N 
8 
N 
N 
N 
N 
N 
N 

E 
)11 
N 
S 
N 
M 
M 
8 

NSM 
NSM 
NSM 

8M 
8 

M ' Miscel l2naous a�d/or 
E - Emul s i fying agents 

�eneral DurDo s e  food additives o • •  

--- -- -- ---,-- -----�-­
.,--,---- - " "  . . . .  -- --------- .. - -,-.,.--,-

- ,  



Studies which have beeu c arried out on the toxicological 

proper ties o f  various inorganic phosphates include the rec ent 

work o f  Hodge ( 1956 - 1960)
42 on the drmnic t oxici"ty of disodiulll 

phosphate , sodium tripo lyph6spha�e ,  s odium hex&�etaphosphat e ,  

s o diTh� trimetaphosphate and sodilli� tetrcw£taphos phat e .  Refer al so 
b.1 

to \\i. H. O. Technical Repor't No . 281 ' - which deals ,-lith the u s e  o f  

phosphates a s  food additive s ,  and Item 18 . 

Less work has been done on the toxicity o f  sugar 

pho s phat e s ' but their occurrence a s  e s s ential metabol ites o f  p l ants 

and &�imals sugge s t s  the unlikelihood of their having toxic ities 

gre ater than those o f  inorganic phosphates .  Work which has been 

done support s  this , for exa.c�ple Ab elles ( 19 2 5 )
43 

has shown that 

s o dium hexo s e  diphosphate i s  l e s s  toxic than dis o dium orthoph o s phate 

when inj ec .:: ':'., ' :. :::r aperi toneally in to r a'ts . 

The evidence which is sur�narized in this application 

supports our contention that the sugar phosphates charac terized by 

the methods of manufacture described in Items 4-9 are no l e s s  s a fe 

for use in foods than the phosphates v7hich are included in the l i s t  

as shown ,  and which are widely us e d  in foods a t  the pres ent time. 

Calc illi� and sodilli� sucro s e  pho sphates produced by the 

� h d .c N ' 1 2 , 13 , 1<; , 1 7  . me c .o O L  . euDerg were procuc ed c onL�ercially in Germany 

by E o  Merck, Darms tadt, initially dur ing the 19 14-18 Har . 

sucro s e  phosphate salts were used as a sub s t itute for 

1 h "  
, 4-4, LfS g_ycerop o spnat:e s al1: s ' and were us ed under the Hailles 

Hes peronal -Calc i�� and Hesp erona l - S odi�ilo 

These 
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The fol lowing 
, lf4 

exce�pt �£om re rerence i s  quoted here as 

it adequately surr�arises their use 

"Application and Dosage 

The pysiological importance of carbohydrate 

phosphate s  points toward s  the application of sucrose 

phosphate s  as stimulants and s trengthening agents .  

Their> application is greatly enhance d  by the 

good solubility of Hesperonal-Calc ium &,d Hesperonal ­

> Sodiulll both preparations are given dis so lved i:l wate r ,  

milk or s oups or mixed with paste-like foods . The 

dosage c an be adjusted t o  that o �  the salts o f  

glycerophosphoric acid: 0 . 2 - 0 . 5 - 1  g with or after 

meals . This dosage wil l  c orrespond to the quantity 

which wil l  fit on the tip o f  a table-knife 2 or 3 times 

daily for adults , or on the tip of a pocket-kni fe , 

twice a day for children. 

The Hesperonal -preparations can be us ed instead 

o f  the presently hard to obtain glycerophosphates , 

unles s they find a:l application on their own as 

nourishing or s trengthening" agentsi l  

The calc i�� and sodiurn sucro s e  phosphates were for a 

time widely used in Europe but apparer.tly the increas ing 

availability of the glycerophospha>ces enabled the latter to reSUlue 

their role as dietary sUDDlements .  
. .  To the best o f  our knov.71edge 

the calc ium and sodi�� sucrose phosphates are no� widely used in 

Europe at. the presen-t time .. During "the period of their use in · 

Europe there is no record o f  any harmful effects produced by the 

regular inges tion of the s e  substanc e s o  
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l '  - l '  d
· 

. .  · 2 . M d " ( -1 9' 0) 3 
Recent wor� Dy Le_OlY an Cardlnl and len lC lno _ 0 

has shown the pre s ence of enzy:rn8s in Dlant materials (wheat germ 

and spinach leaves )  which produce sucrose-S ' -phosphate from U. D. P. 

- g lucose and fruc tose-6 -phosphat6o A sucro s e  phospha"te e s t er was 
"-

i s olated from sugar beet leaves in 1953 , and more recently we have 

sho"tv:l the presence o f  sucrose .... 6 g .... uhosphate in , . 
phosphatase for sucros e -6 ' -phosphate has been 

5 sugar c ane . A 

sho1iffi to be pre s ent 

in a partially pu-.cified enzyme from wheat germ which breaks sucrose 

phosphate down to sucrose and inorganic phosphate. 

pho s phatase also has a similar action. 

Intestinal 

The adequacy of proc e s s e d  cereals and sugar s in human 

nutrition has been questioned from many quar ters . . 46 In recem: years 

In this referenC e Feldburg gives s ome details on the calc iwti and 

phosphorus contents o f  typical cereal foods . In Tab l e  2 the 

c al c ium and phosphorus contents of sugar cane , sugar beets and 

re fined sugar are s hown. In this table the proportions of 

inorganic phosphate and organic phosphate in the natural occurring 

sub s tances are show� .  The figures shot� are average figur e s  

obtained, in the c a s e  of sugar c ane , from work carried OU"t i n  these 

laboratories as "Je l l  as from the pub l i shed work of Honig
Lf7 • In 

Lf8 "-9 the cas e  of sugar beet the data are those o f  Bougy and Finkner ' 

" To facilitate co�parisons the figure s  are all expr e s s e d  as percent 

of the .element bas e d  on sugar . 

In ca...""'1.e juice the � alcium content is gener ally in the 

range 2 - 6 liM , whi l e  the phosphate concentration is in the range 

I - 20 mM. As a percentage of the sugar contained in the juice 

this is in the range 0. 05 - 0. 2% Ca and 0. 02 and 0. 02 - 0 . 4% P. 

It will be seen from the tables that in the re fining pro c e s s  
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calciU!l1 and phosphorus have been reduced by over 90% to an 

i�significant level in refined sugar � 

TARE 2 

Calc i um and phospha:t.e C O:''l.t'2::-:.t o� s uga�(" ma.teri.s.ls 
Concentrati ons expre s s e d  as % element on sugar 

i ' Subst2!lce ! . I Im.-na tur e Beet (roots) 

lMat:ure Beet (roots) J 
!Sugar cane 
« . 'R .c · d i- eJ..1.!1e 

I Refined 
, 
IR � '  d I 

eI:lne 

sugar 

sugar -I- 1% 

sugar + 2% 

CaSP 

CaSP 

, 
! 7otel P 

O .  if 

0 . 15 

o -. " . .tv 
i i < 0, 005 
I 
� 0. 10 
i 

I 0 . 20 

1 _ • ; lnorganlc 
, 

0 . 25 

0 . 10 

0 . 08 

< 0 . 0 05 

0 . 03 

0 . 06 

P Q-'.cganic P 

0 . 15 

O • .aL} 

0 . 02 

�O . OOs 

0 . 07 

O . H 

! Ca 

! 
/ 

. 0 . 1 0  

0 . 15 

! < 0 . 005 

I 0 . 13 
, 

I 0 . 26 
, 

In Table 3 similar figures show 'ene reduc t.ion in calcium 

and phosphate levels which occurs in the processing of vJheat to 

whi te bread. In wheat · the maj or organic phosphates are the s.alts 

o f  phytic acid, al though o ther organic phosphi'(:es are present . In 

j-" , 

I · 

beet and cane the maj or organic phosphates appear to be the phosphate 

est ers o f  sugars. The preseT!ce o f  su.crose phosphates in p lants 

inc luding wheat , sugar beet and sugar cene , has been shown in 

�ec�nt years � The calci�m level in wheat is l ower than in cane 

and beet but this is largely co;:npensated for by an incr.eased level 

of magnesium� The figures in Tab le 3 haye been derived from those 
. '  b P ' " , M 27 d � 1 "  4·6 �h g1.ven y rlngl.e ana Horan an .J:! 6 GDurg � 1'1 ey are expressed 

as p ercent of element on dry weight to facili tate comparisons with 

levels in sugar sources . 

- - ---- --
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· TABLE 3 

Cal ci lli� and phosphate contanr o f  wheat products 

Concentrati O!J.S exp�res8ed as % el ement dry weight 

, , i Organic Sub stance j Total D I Inorganic P P " 

! 
i i English Hl-leat 0. 5 0 . 14 0 . 36 

I I I Ma�itoba Wheat 0 . 42 0 0 12  I 0. 3 0  
I 

I I f Purified Germ I l �  55 0 . 8 0  

I 
0. 75 

, ! TtJ:r:.i te flour (85% ex+-"" \ i 0 . 26 I 0 . 11 0 . 15 

C a  

0 . 06 

0 . 05 

0 . 10 

0 . 03 
i 

vlhite flour ( 7 0% - �- . I I  0 . 13 I 0 . 09 

I 
0 . 04 0 . 015 , extr . ) , I i I White flour ( 70% ex�-" ) ' 

, 
'-_ . i 0 . .  23 , 0 . 12 0 . 11 0 . 14 

i + 1% GaSP � I White flour ( 7 0% extr � ) �  I I I 2% CaSP , 0 . 33 0 . 15 0 . 18 0 . 2 7  -'- , 

I I , I 
I t  will be see:-! that in proce s s ing v]heat to the form in 

which it is  mos t: generall.y consumed (10\'; extrac tion white flour) 

the calc illi� and phosphate levels have been reduced by about 75% . 

It has been recognized in recent years that the 

procesa i'-ig of ma.."y s taple foods,  particularly cereals , often 

decreases the nutritional val-Lie and the judic ious 8uppl ementat:ion · 

of these foods by vitamins and other essential nutrients is now 

widely acc epted. For example the National Research Counci l ,  
U � A . - 0 1 35 0  

0 ;:) 0 0 � l.n 1:;1'-+ summed up the s i tuation as £01 10\\18 

"All the evidence f�om numErous surveys over the pas t  

ten year s to the prese�"lt &Trong persons of all ages in many 
loca.lities "is without exceP:tion in complete agreement that 
inadequate diets ar e. widespread in the nation � G � .  Accordingly � 
there i s  widespread prevalence of moderately. deficient diets ' "  
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It would seera advisable to give further consideration t o  the 

program of judicious enrichment o f  aDuro�riate foods s ince 
� ... '-

would add much to the guarantE:-e .0£ "succes s ful .11utritiou.1 J  � 

that 

This has -led in th.e Unit e d  States to Federa.l Standards 

for c ereal enrichment which approve the addition of between 300 

and 1000 mg calciuln/ lb . of cereal produc t .  This i s  equivalent t o  

a range o f  about 0. 05 - 0 . 25% on dry weight. 

There does not appear to have been any maj or move t o  

enrich the s e  cer2al products with phosphate which3 a s  can b e  s een 

from the Tables 2 and 3 ,  is reduce d  in proc e s s ing in a manner 

siillilar t o  calc ium� 

As will be s een from Lhe preceding tab les , the 

supplementation of refined carbohydrate foods with calciu� s al t s  

o f  sucrose phosphate s  a t  leve l s  o f  1% - 2%, will res tore to the 

leve l s  occuring ill. the natural raw rnaterial the calcium and 

phosphate concentrati ons in these pro c e s s e d  foods . 

The calcium sucrose phosphate s  (CaSP) which it is 

propo sed t o  add to foods tuffs have . the following approximate 

a.nalYBi s  

Calciu..rn 1 2% on dry ',Ileight 

Total Phosphate ( P) 9/0 Dr.!. d:.cy weight 

Inorganic P 2% 011 dry weigh·t 

The c ffec� on Ca and P lEvels o r  adding" 1% and 2% o f  this ma.terial 

( GaSP) to the refined carbohydrates is 8ho\vr� in Tables 2 and 3 .  

14 Foods in wh.-i c.h. i-c is pro-posed to use the addi t.ives 

As the purpose of the additives is to inhibit deTI"tal 

caries and the ·c.onsensus of dental opinion points to carbohydrates 
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as the main cariogenic foods � it i s  propo s e d  to us e the addiotive s 

in foods which c ontain s ignificEc:lt Pl:o-vortiol1s o f · c arbohydrat e s .  

In part.icular it i s  proposed t o  us"e the additives in proc e s s e d  

carbohydrat e s .  A l i s ·t o f  the main foods in which it is prop o s e d  

to u s e  calcium sucrc:, s e  phosphate s  as additives i s  shown be low : 

Li st 01' foods i n  which i t  i s  proposed to u s e  

c alc ium sucrose phosphates 

Bread· 

Biscuits 

Breakfast cereals 

Sugar syrups 

Jam 

Confect ionery 

Fruit j uice ( cordials 
concentrates or c a��€d) 

Flou.r 

Cake or biscuit mixes 

Sugar 

Honey 

Canned fruit 

S oft: drinks 

Calc iulll "Derose pho s phat e s  c an be readily added to the s e  foods 

which are proce s s e d ,  predominantly c arbohydrate foo ds . A 
cons iderable �uou�t o f  work has been done b o th by . our s e lve s and 

S t auffer Chemical C O!flP any s l!o S o  Ao ) 2.S wa l l  as by various food 

ma�ufac turers in Aus tralia � C� the incorporation or GaSP into 

c arb ohydrat"e foods � 7here aTe, few problems associ�ted with . the 

incorporation of CaS? i!lto the �l1a.j o:ci.ty o f.  c arbohydr ate foods " 

The e ffect "O r  appr oxi7nately 1% o f  GaS P on the p:roper ties and 

acceptability of the s e  foo d s tuffs i s  undetec tabl e .  

The methods o f  incorporating GdSP into the s e  foods are 

suuTlLarized as follows 

_ . .  _._---- ----- -_._ .. _ . .  - .--�. ----- ---�-
------------ ---. 

�- -
- - - -- --�---�----. -

------- --�- ---- ---�--�-------------- " . - -----"-------
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Sugars 

' Whi te crystal 

An aqueous s o lu.tion of GaSP is apr ayed O!1.tO cryst.alline 

sucrose t�ilillb ling in a rot2ry dr·�� mixer� The mo i s t  sugar i s ,  -then 

dried in c onventional dr ier - cooler uni t s  and ·packaged� 

S o ft bro"\VIl sugar 

Dry CaSP powder i s ·  m.ixed with s o ft brow;;.1. sugar in a 

rotary drum mixer . This is then pas sed through a c onvent ional 

bro\.vTI. sugar flaker and peckaging l.mit � 

Sugar syrups and honey 

An aque ous sol-u:tion of GaSP is run into the ·syrup in a 

s t irred mixing ves s e l )  ·be fore being convent ionally packaged in 

tins or j ar s  .. 

Flours 

CaS P is blenciEd ·with the flour using uormal dry pCi\vder 

mixing equipmen t ,  u s e d  for the incorporation o f  leavening agents 

into the fl our . 

Bread and biscuits and cakes 

CaSP is blended in with the other dry i!lgredi€!1"� s ;r  us ing 

normal bakery e quipment in the cour s e  o f  dough preparation. 

Jams 

CaSP i s  added a3 a tW'enty perc el'lL aqueous . s o lution 9 at 

the final s t ages o f  j am c o oking , j us t  be fore p ackagi!1g , 

- ------ -----------.-----
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Canned frui t s  

GaSP fs incorporatsG in the normal Bugay syrup s ,  aD_d the 

fruits proc essed in the normal way. 

Confec tionery, s o ft drinks and fruit: juices 

Ca.SP can be added as a dry powdeT i f  &olid sugar is used, 

or as an aqueous · solution � or premixed in the sugar or sugar s yrup . 

15 Ptr("pose of t:he £�dditi ves i:q. foods 1 i s t e d  i 11  Item 14 

The main purpo s e  O� the additive in each of the foo d s  

l i s ted in Item 1 4  is the s ame , !lamely to r e duce the c ariog'enic 

propert: i e s  o f  these ,foodst.uffs . The evidence v,hich shows that 

calcium sucrose phosphates wi l l  have this intended effect is 

presented in Items 2 0 ,  21 and 22 of this applic ation. 

An additio2al purpose achieve d , by the use of c al cium 

sucro s e  phosphates is t o  incre ase the calc ium end phosphor.us l evels 

in the s e  foods . The addition o f  these minerals is permi tted in 

s ome o f  these foods by var ious state Food and Drug Ac t s .  For 

exampl e , _  r e fer Reg�lation 3A , ?ure Food Ac t ,  1908 , New South Wale s
5 l . 

Calciw"""U sucrose phosphates b e ing 'taste l e s s  � r e adily- s o lub le and 

easily-ass imilable sources of c alc i·�n and phosphorus o ffer obvious 

advantages oVer inorganic calc iili� and phosphate salts as s ources 

or the s e  e lements . (refer other I tem3 of this application ) . 

Proposed :cegulal:ions covering the use o f  calcii.1in suc r o s e  

pho s phate s  for" ches a  purp o s e s  in foods are put forward in 
e 5 2  reLerence The s e  pro�o Bals a�e submitted as an indication o r  

how we c on s i der the regulation o f  use o f  the s e  addi tives might 

be e ffec t e d .  

._------_ ... _-------
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16 

The minimum 8Inounts o f  calciulll 8UC1:0Se phosphates which 

are nec e s s ary to produce a" s ignificant r6duction in dental c aries 

when added to c arbohydr�te foods consTh�ed by man are not easy to 

determine unequivocally. This c an only be done by a numb er of 

exte:ls ive c linical trials . The cost: and complexity o f  this would 

be prohibitive .. 

However , s ome indica.tions o f  the expected miLlimum 

c Ol1c antration in foods which shoul d  be e ffective can b e  obtained 

a�d aniDal tes t s  o�tl ined in I tem 20.  Animal from the in vitro 
. . .  53 . . , . ceSLd s how �na� 0 . 5% calcilli� sucr o s e  phosphates o� _ t ot al diet in 

rats produc e s  a s ig�ificant reduction in deatal carie s � This is 

a lower increase in the dieta�y c alc iuu1 and phosphorus level ( about 

0. 05%) than that which is needed t o  produce s ignificant r e sults · 

wiLh inorganic phosphates ( 0 . 3  - 0 . 5%) . 

The leve l s  o f  calcium and phosphorus in natural 

b h " � r d ' . h ·  - - . d5 4 , 55 b ' 
car 0 J.yar aLe roo S s Wille .. are geneT,ally recognlze as Glng 

l e s s  cariogenic than re fined carbohydrate foods , are c omparab l e  to 

thos e , which are obtained by the addit ion to the r e fine d product or 

1% CaSP in the case of sugar OT 1 = 2% CaSP in the c a s e  o f  flour 

( 3 e e  It6m l3 ( e ) . 

In the c l inical trial o f  calc iurn sucrose pho sphat e s  as 

cariostatic food addit:iv2S we, ha.ve u s e d  a c oncentration o f  

approxiLIlately 1% o f  the c a:::::oohyd:cat:e contc'!:lt ' o f  , the foo d  ( s 2,e I t em 

20) . This level was arriv,ed at aftEr care ful c on s i deration o f  

all the rel eva:J.t data on levels l ikely . to b e  needed t o  produc e a 



s ignificant reduction in dental caries a�d increased leve ls o f  

calcium and phosphorus which wot:ld be comple.t e ly acceptable in the 

diet ( see Item 18 ) .  

" . "" "1 '" • - , ..  ". d ..... ...... 1. • uur as s e ssment O I  alL ava�laoie ev� ·ence ·sugge s L s  LDat 

an observable reduc tion in dental caries would result from th� 

addition of about 0. 5% of the carbohydrate c ontent of the food t o  

the bulk o f  the processed c arbohydrate" f<?,ods in the diet. \':le 

Vlould not expect this level to be as e ffec t ive as the 1% addition 

which we used in the trial" Furthermore we would expect addi·tio!1.s 

o f  up to 2% of the carbohydrate co�tent to be more effective than 

1%. We do not believe that it would be acivaTItageous or des irable 

to go beyond the level of 2% of the carbohydrate c onten� of the 

food.  

We therefore propose a minimum e ffec t ive level o f  c a l c ium 

sucrose pho sphates as food additives of 0 . 5% of the carbohydr ate 

content of the"' foo d ,  a proven effec tive level of 1 . 0%, and a 

maximlli� des irable level of 2 0 0% .  

17 The 8"!10unts 0 "':: additives expect"ed to be used in each 

food l i s ted in Ttem 1 4  

For the reaSO!1B which have been outlined in Itam 16 .9 we 

used an at"TIonnt o f  calc ium sucrose phosphates in each of the foods 

,, - o d ' . ,. - d "' d ' � '  l '  > -1 · . • .  . . 1 1 - b _ i:;) ..... lU "[116 IOO au � !... :.ve C.l.l:1l..Ca ·CClal. 1:0 gLve a. _eve_ a t  a out 

1% c alc ium sucro s e  phosphate s  bas e c  on the carbohydrate content 

of the food.  The consumpr.:ion of these foods , which c ompr ised 

6.Dout 7 0% o f  the carbohydrate intake o f  the children in the tr ial !'l 

has b een proven to produce a re duc tio� in dental c aries in 

children. 
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For thi.s re2.So!"! Wf3!. expeC :: the ' "  a2..1..OW2.,rlce o r  " . 
C1.8.J.:ms 

tha.t process6d ca.�bohydLate foods t:ontsining approximately 1% o f  
I '  ' b ' d ' - ' d ' t � '-ca c�urn sucrose pi'lOSp �ateS :::3.se on tha carDoi.1.Y ra:ca c on enL o r:. 

tl:e foods will halp to :ceduce dent2l caL':'es in c onsumers o f  the s e  
foods . 

Cqnsidering the foods l i s t e d  in Item 14 ;, ·�heir average 
c a:;:::b ohydrate content56 end the addition o f  1% o f  this c arbohydrate 
content of calc iu,.'TI sucro s e  phosphates � we obtai:-t the fo llowing 
table : 



.. ..:=:;. 

i \ 
( as 

Food 
purchas ed) 

45 

j ?2:Z' c ent car1:.o-
J hydrate ( average 
i to nearest '-01 ) 

� /o 

Per cen'c ' c alc ium ! I 
sucros e  pI::o s phates ! 
in food as purchasedl I .---------------------------------�-----------------�--------------------� ; - ; 

I iBread 

!Flour ! 
In · . -JH�SCUl.t:S 
j .  * 
lCaka or biscuit mixes 
, 

!Breakfast c ereals ( precooked) 
I . 
jOatmeal etc . 
I 
�,sugar 
1 
�Sugar syrup s 
i 

IHoney 

iJaln 
Ie - .  f 1. onIectlonery 

iCan"ed :E-.cui t ( sweetened) 
, 

�Soft drinks 
I 
iFruit j uice (cordial s )  ! full str ength 
I 
} dil.ute d  as cons1.1..Tl1e d  !Fruit 

!Frui t 
! . 

j uice (canned) 
J. 

juic e (concentrate ) T  

5 0  

! , . , 

5 0  0 . 5 

75 0. 75 

7 0  O .  7 

7 0  0. 7 

8 0  0. 8 

7 0  0 . 7 

100 L O  

8 0  0. 8 

75 0 . 75 

7 0  0 . 7 

- 100 0 . 5 - L O  

20 0 . 2  

5 ! 0 . 05 
i 

<fO I 0 . 4 I , 
10 I 0 . 1 i 
10 i 0 . 1 I 
40 I 0 . 4 

* Not available in ref" 56 ( 2.3SUme c..vsrage s &-.ne , as b i scuits) , 

f 
depends on very variable carbohydrate content 

=f assume aVerage s ame as c ordial,s 

• I 
i 
I ; . I i , 

; , 

I 
I 

j 
1 
i 
! 



I t  was poi::.:.ted cut i'I1 ItSl:1S 6 cc:.d 7 that cOT .. B19rci2.1 

c alcilli!l sucrose phospha�es c. 5..n contain sucrose a'!ld i:!orga::'1.ic calciUl.""TI 

phosphates up to 20% o f  each on the weight o f  the dry produc t .  

The produc t: which i s '  being uSed i::. the food additive tria.l contains 

o:!. the avera�e abot:!:t 15% o r:  inorgCinic calcie.m pnospha-ce Dut l e s s  

tha� 1% of · free sugar s �  In order t o  c o:a:trol t�1.a addition o f  

various sucrose phosphate product s  in foods the &..T"flount o f  the " 

additivEs .shall he expressed in. terms " o f  the a.mount of calciul11 

sucrose ph05;?hat:E:s in the food. ( , " , exc i.ua�ng free sucrose and free 

ca.lcil1.i!1 phosphate ) .,  This ca.:! be calculated from the analysis o f  
. ,  - - l '  b d - - - h r r.;ne: product :tor "Co::a_ ?f"!.OSP �orus an �TIOrganlc phOSpl. .. orus or :crom 

the electrophore�ic or ion exchange chromatography analytical 

tech:liques o.utlined ° _ 25 prevlously 
- ?  

In the proposed reg�111ation) - T.r76 sugges t  that a tolerance 

of -i;20/o should be allowed in the stipulated e rrective level of 1% 

c alci"t!!""""!l sucrose phosphates cased on the carbohydrate content o f  

the food, That is :> in a food in which 1% calcilli11 sucro s e  phosphate 

i s  required� O � 8  - 1 � 2% is a� ecceptabla range � 

- . ,. - • ° 5 2  _ . . - d . c· l.n "Cue regula.t:lon vlUlcn we 1'l2Va p:t:'OpOS6 "to cover "Cue 

l�se of calci�T!-L sucr o s e  phosphates as 8. carioBte.tic ager:..t !)  \qe su.ggest 

.;...:-., ..... +- n o  clalo -o as +-0 -L- hA ...... � " "- ' ,... � . .- -'-1-, -- ... ...., }-, ·1 d I-.. .... �a.!l..,.. .1_ .La " " I,.... _�_ ca.L 2..0s t::aL�C propel.. �les OT: �I..i..e :LOOO OJ.;'ou_ 

be permitted unless the foodstuff c onteins at least this pToven 

effective &�ount � 

foods there is no 

For the addition of calc ium and phosphorus t o  
� . ...,; . -S lml�ar nec e s s �ty tor e �i�imum e ffective &liOunt 

and this can be coverEd by the exis t ing regulations concerning the 
addition of thes e · elements t o  foods . 
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18 I.·-i :';'-lit:s o f  the yroba.'S; -: e int c:.ke a T  the 2.ddit:ivea i:-:,. t.he 

norma? diet 

previous ItsLls the level o f  addition 

of calc ium sucrose ph03phates. to foods is dictated by the arnount: 
required to achieve the intended cariostatic e ffect and the 

&-nount which would b� c ompletely acceptable i� foods .. 

As we haVe shown. from a c ons idE:ration o f  the chemistry 

a:;.d b iochemis try 'of calciu..t11 sucrose phosphates ( s e e  Item 13 ) thEse 

c ompou::lds can be broken G01;VU by normal metab o l ic proc e s s e s  to 

sugars and free calc iG� phosphates . 'I"n ..... '-"u' e '''' ':''' ; o� o oC  t-u1 � ,.... � -:=e T·y 
_ c: y. i::;i 1... _ ;'1. ..!... -, .. I::: ;:;; ....... ..!... -

of sugars does not ari s e ;  in order t o  consider reasonab le limits 

of intake of calc iu..-n sucro s e  phosphates we can obtain guida.nce 

from the acceptable daily int2kes of phosphates a�d calcium. 
"-1 

1'lo Eo 0 , Technical Report No o 281 ( 196L,,) , - c ontains 

biological data on inorganic phosphates , dipho sphate s (pycophosphat e s )  

a:ld polyphosphates with r e spect t o  the use o f  thes e  substances as 

food addi t ives , 

rr1 .c o  -r ° .- h 0 
• d '  

. 
..:ne .:..l.UQl.ugs o r  tL.lB report ar e BUDl!.-nar l s e  In the 

£ollo�'Jing main points : 

( 1 ). The usual evaluatio:::l procedure o f  taki:lg the highes t  

dose level i:2 aniInals that doe s  no·c p:coduce aI!y 

toxicological e ffects and applying a s afet.y fa.c tor to 

arrive at an e s t imate of acceptable daily intake for 

man �s not: appropriate in the case o f  phosphat e s , 

- --� � -- --��--� - � ---� - - - � - � �-----
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( 2) 

(3) 

(4) 

(5 ) 

( 6 )  

( 7) 

/, 0 -.' ,./ 

phosphates it 

is i1?lpo s s ible to indicats 2.cceptz.b l s  intakes of the s e  

c ompounGS 2.8 fOOG 8.cditives w:U:hcut ;:oegard. t o  the 
phosphate ii..1.take from the food i t s e l f" 

Fo!' the purpose o f  e s t i!"'ilating acceptable i:ntB.ke zon.e S !l 

diphosphates should be treated a8 i f  they were 

monophosphat e s  on the bas i.£) of. thei:c phqspho:c'l.ls cOl1te1."l.t � 

polyph08phetes may be c O:18 icis:ce ci  e quivalent to 

monophosphatG a "  The acceptable daily intake o f  

po lypho 8phate i s  :related t o  the total die tary pho sphat e 4  

Acceptable do s e  levels o f  phosphate ir.:.take depend on th,e 

2.w.oun.t of c alci'i.l.:::l in ·t:ha die t "  

Tha uT':.conditional acceptable G..:2ily i.�te�ke zone for man 

for the abova classes o f  phosphates is � 

30 mg/kg body weight as total 
d:Letary phosphorus intake from both food e:l1.d food 

addit ives � r.chis may b e  1"egaZ"Ged c�8 suitable for 

corr.munities \'lit:h a 10v7 calc.iur�1 int.2.ks � 

The cO::1d:i. tional 2.cc 3r::-table daily intake z(,}n13 for irian 

£01: 1:i16. above classes 
30�70 

--------'---------------
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calciTh.'1l requireznents for mail .. are .. 

( 2) 

( 3) 

Normal average daily intakes of calcium va�y from as 

high as 1329 mg/day (Finla:nd) to 3 47 -mg/day ( b.dia) . 

T l '  • .  - . . ,  t". _n some -l.. �mJ..:c ed groups lll."Cal:CeS 0 1:  over 2 to 3 g/ day were 

without: annarent de"t�imental effect on health .. 
� " 

There i s  no evidence that a daily intake as high as 

1500 mg Ca/ day is undesirable,  HOi:qever the · raising o f  

calc illi� intake bEyond one gram/day is u�l ikely to serve 
, • 1 . - - t" "1 any pnys lo�oglcaiiy useIU� purpose .  

Note : if - reference ma:l is - 6 5  kg , a daily intake of 1500 mg Ca/ day 

is equivalent to a daily i�teke of 

23 mg Ca/kg body weight. 

�- C • - - � C . S t  - '  - '  58 
.Lhe ·ommonwea..Lth bureau o r  ·ensus ana a"Cl.::J"ClCS gives 

the following figures for D;utrient.s available ror consumption by 

Australians in 1964-65 . 

Protein 9 1  gr2!1 per head/day 

Fa:C 1.29 I I  " " " 

Carbohydrate 410 " " " " 

Calc i1.l!l1 9 10 ,,1g I I  " " 

Th9 aVerage calciillTI ccnte�t o f  CaSP us sd in tha clinical 

trial is about 12%�  Tb.s aVerage phosphorus conte:J.t. of  CaSP is 

about 9%. It is not O � """j • pOS 8:LD�e "Co estimate accuretely the actual 

intake of GaSP which VJould occur if it W2.S widely. used as a food 

additive . HOWSVeX' if t'18 aS88�2 for illustration that 1% GaS P 

is added to the total dry weight i"take o f  c arbohydrate , a daily 

intake of 4'" 1 gram GeSP/ day w0121d resul t .  This for the reference 
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man of· 6 5  kg i s  eCl".liv21ent to a daily i:-;.take o f  .&0 rug GdSP/kg 

body weight. 

This in turn is equ:!.valent · �.:o an additio:18.1 daily intake 

of 

7 . 5  mg Ca/kg body weight 

5 � 7 mg P/kg body weight� 

A c alc iwti intake of "827 rug per he2.d/ day fo"r the average 

Australian is equivalent: to ; 

An increase of 7 . 5  mg Ca/kg body weight would bring the total 

intake of calci*Uffi �o � 

21" 5 mg Ca/kg b ody v7eight 

which is below' the acceptable daily intake of 23 mg Ca/kg body 

weight reported in W. E. O. Tech. Report: No . 230
5 7 . 

S i.milarlY 9 although figures ar e not available for t:he 

total phosphorus intake , 2.n increase of 5 .. 7 mg P/kg body weight 

represents only 20% o f  the t::.nc on�itional 2.cceptable daily inta.ke 

zone for maD 9 8% of the conditional eCCel:rc2ble intake zone for . 
� l  

phosphates for man as -reported in H. H . O �  Tech. Report No .. 281. .... , 

Moreover the Cal? ration 'CaSP o f  1/1 is mora favourable in diet 

compare d  with the COIfiI110nly used sodiuTIl phosphate food additiv6Ei . 

Data from the ch:conic 
. ' � ? �3 . . .  . . , . 5 _ , .) . . , I:OXlCli:Y S·::;:UQ1.8B wn::..cn were 

carried oue all. rats and dogs cover o.bserved da.ily int.akes o f  

GaSP rall.ging from 4. , 000 .... l5 ;; 000 mg/kg body weight ( 1 0% o f  diet:) 
to 700 - 3 � OOO mg/kg body weight ( 2% of diet ) . The se ranges 

correBpo�d to increases 

'weight for " both calc ium and phosphorus in the diet . No untowa::cd 
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ThE:se 

l·evels are frmrl 10 to 2 5 0  t :":.-:'!c8 -::i:'8 znax"imum a.veraga level of CaSP 

intake in man , 60 mg/kg bc:c.y we�gh� ;: a s sur�-4iT:.g 1% CaS ? is a.dded t o  

the carbohydrate o f  all foods . 

In actual prec t i s 9  �ow6v9r , only the proc e s s e d  c arb ohydrate 

foods wi l l  b e  treatad� 'I'rra �·::- opo�tion of tie c arbohydrate int ake 

which represented by these foods can b e  e B t i�at8d fr.-om the da.ta in 

r e ference
58 

. to b e ·  about 8 0/� o f  the total c arbohyc1ra.t:e in-take . At 

1% c alc iu.-rn sucrose ?hosphata b�sed on th.s · c arbohydrate CO:ltent o f  

thes e  pr ocessed foods ( Item 14) the average lTI2.ximum level o f  intake 

o f  c alc ium sucr o s e  phosph8�tes wou l d  be 3 .. 4 gr2.!!ls / day ,;) . ( or 5 2  rug /kg 

body weight) ·at 2% the l eve l woul d  be 6 . 8  gra.ms/ day ( or 

'O O d"y wei C7h� \ ...... -b '- j . 

19 
There i s  no intention o f  u s ing c al c ium sucro s e  phosphates 

as additives in p ackaging m&�er ial s 4  

20 tl-�at th2 . , "CDS ., nts"2.1ded effect 

in the foods listed in �·tST!!. 14 

c alcil..IT11 sucrose phosphat e s � 

when added t o  proc e s s e d  c a:r'b ohydr ate food l i s te d  in I tem Ii} ,;) "i;vill 

reduc e de�tal caries in consumers o f  such feods i s  c onclus ively 

provided by the results o f  the c l inical trial described later in 

-chis itsIi1" 

However !I it is p.srt i!.13n";: ·co outline the SVldeYiC8 for -'che 

c arios tatic o f  c alc i"G.il BucrOS8 pnoS?he.."Ca 8  "CAJilich led t o  this 

trial . 
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The potential use of phosphates in the inhibition o f  

dental caries , has been extensively discussed in the "Conference 

on phosphates and dental caries " held at Cambridge,  Mafis . ,  in 

October ' 196 2 5 9 . 

Considerable attention has been given to the influence 

of refinement of 

caries . Osborn 

carbohydrate foods on the incidence o f  

( 1941) 54 postulated the existence of a 

dental 

"protective agent" in crude cereals and sugar cane juice to "account 

for the relative scarcity of carious teeth among primitive peoples 

and the prevalence of decay' among the civilized".  This was 
5 5  supported by the work of Jenkins e t  a l .  ( 1 9 5 9 )  who found that in 

treacle and cane juic� and brown (wholemeal) flour there were 

sub stances which decreased the dissolution of calcium and phosphate 

from teeth and powdered calcium phosphate when incubated with 

saliva. Ev!dence was presented which suggested that these  

"protective agents "  were organic phosphates which along with the 

inorganic phosphates present in natural occurring carbohydrate 

were largely removed during re fining . 

The aim o f  introducing phosphates into ' foodstuffs in a 

form similar to that in which they occur in nature led us in 1960 

to undertake a systematic investigation of organic phosphates as  

cariostatic 

in a recent 

food additives 
53 paper 

in the diet.  , This work is summarized 

The inves tigation has employed three main methods of 

testing 

( a) tes ts in vitro 

(b)  tests in laboratory animals 

(c) tests in m,an . 
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(a) Te sts in vitro 
/' 

The initial work which we carried out in an attempt to 

assess the us efulnes s  of various phosphates as cariostatic agents 

followed the approach6 0  involving "white spot" formation in tee th 

in acidic buffer solutions containing small amounts of gelatin. 

The procedure involved immersing areas of extracted 

c leaned human 'teeth in a buffered solution containing lactic acid 

and gelatine at a pH o f  3. 8, without agitation. After s everal 

hours immersion "white spots " which are s imilar to thos e  prec eding 

the formation o f  a carious les ion were obs erved in the tooth 

ename l .  

The addition o f  amounts o f  CaSP as low as 0 . 5% inhibited 

the formation of these "white spots " under identical conditions 

( s ame pH, concentrations , temperature , time and agitation) to those 

in the control solutions in which "white spot" occurred .  

This inhib iting effect has also been obs erved with other 

phosphates and it was realized that in the ab s ence of a better 

unders tanding o f  the factors involved in "white spot" formation 

(and indeed in dental caries) the technique would not provide an 

e ffec tive method o f  screening a large number o f  different phosphates . 

The carious process  ultimately involves decalcification 

o f  the enamel ,  i . e .  the dissolution o f  the hydroxyapatite 

constitut�ng the enamel sur face .  S o  any c ompound which will 

prevent and/or retard this dissolution process c ould well pos s e s s  

prophylactic car iostatic activity. Equal ly a compound which 

depos ited hydroxyapatite onto an eroded enamel surface would we l l  

pos s e s s  curative car ios tatic activity. CaSP has been shown both 

" ' ----_.-- --
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55 
to retard the acid dissolution of hydroxyapatite and to reharden 

, • softened human dental enamel.  

! 
1 '0 
< 

Human dental enamel surfaces exhibit extremely variable 

behaviour . Because of this ,  the s tudy of the dis solution kinetics 

of synthetic hydroxyapatite sur fac es has been preferred. Exact 

definition of the hydrodynamic situation under which enamel 

dis solution occurs in vivo is difficult ; indeed , it is probably 

variable.  However the rate of enamel dis solution is undoubtedly 

s low due either to the s lownes s  of mass trans fer away from the 

dis s olving surface and/or to low unders aturations . The effect o f  

GaSP on the dissolution kinetics o f  hydroxyapatite under conditions 

likely to prevail in the mouth has thus been s tudied. 

Synthetic hydroxyapatite was pressed into pellets which , 

d '  ' . d ' d d • 
, 

6 1  even un er v�gorous st�rr�ng l • � not un ergo attr�t�on • 

rate of dis s olution of thes e  pellets in an acetate buffer at 

pH = 4. 0 was studied with and without GaSP as additive . 

The 

In unstirred systems a c oncentration of 0. 5% GaSP was 

found to reduce the rate of dissolution of hydroxyapatite by 

upwards of a factor of 2. Most of this reduction was ascribed to 

the common ion effec ts of the calcium and inorganic phosphate ions 

from the added GaSP. The effect o f  the, sucrose phosphate anion 

alone can be s tudied in thes e  systems ( containing 0. 5M potass ium 

chloride) by us ing the alkali metal salt of the organic phosphate. 

Dipotas s ium sucrose phosphate exerted no appreciable influence on 

the dis s olution rate in uns t irred systems . 

U d t '  d 
'

d "  6 2  ' d . d ' n er s �rre con �t�ons even more , ramat�c re uct�ons 

in r ate were observed;  for now the presence of even 5 . 0 x 1�-4M 
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dipotas s ium sucros e  phosphate ( 0 . 0 25%) reduc ed the rate of 

dis solution by a factor of 2�  The maximum reduc'tion in rate 

obs erved was by a factor of 2 . 5 . The dependence o f  the reduc tion 

in dis s olution rate on the concentration of sucrose phosphate anions 

suggest that adsorption of the sucrose phosphate anions on the 
, 

hydroxyapatite surface leads to a reduction in the rate o f  

detachment of cons tituent ions from the solid surface.  

The onset of caries is s ignalled by sub-surface 

d 1 ,  f '  , 6 0 eca 'CL LcatLon . This decalcification reduc es the hardnes s  o f  

the enamel surface as measured by a surface penetrating device .  

We have carried out experiments 63 which have fol lowed those 

described by Pigman6 4  on the rehardening of s oftened tooth ename l .  

Thes e  experiments have shown that s olutions o f  calcium sucrose 

phosphates reharden s o ftened tooth enamel .  Galc ium sucros e 

phosphates containing , s ome inorganic phosphate ( GaSP)  were more 

e ffective than the calc ium sucros e  phosphates alone . The 

reharderting process  has the attributes expected o f  a calc ium 

phosphate precipitation. In water calc ium ions alone 

ions alone did not reharden the enamel .  Solutions o f  

or phosphate 

GaSP thus 

behave as stable supers aturated solutions of calcium phosphate 

which , in the presence o f  a suitable enamel surfac e ,  deposit 

calcium phosphate.  

(b)  Tests in laboratory animal s  

The e ffect o f  phosphates on experimental dental caries 

in hams ters and rats has been reviewed by Nizel and Harris59 

More than one hundred s tudies have shown that the addition o f  

phosphates to the diet . are effective anticaries agents in rodents .  
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The wide variations in the caries severity scores in b oth 

control and test groups of animals , whi'ch are inherent and 

difficult to avoid in these studies , have prevented the relative 

car ios tatic efficacy of the various phosphate anions and their 

respective cations from being determined . . There is a preponderance 

of evidence to suggest that the cariostatic effect of' phosphate s  

appears t o  be due largely t o  a local action on the tooth as the s e  

phdsphates pass through the mouth. However , the purely systemic 

effect of phosphates on dental car ies has not been investigated 

adequately. 

53 We have carried out extens ive tests  on a wide range o f  

organic phosphates in the diet o f  laboratory animals .  Osborne-

Mendel strain, caries-active rats were fed a bas ic cariogenic diet 

from 21 days after birth. Three basic diets were used, a high 

sucrose diet , a white flour bread diet , and an enriched bread diet . 

Various inorganic and organic phosphates were added at levels 

ranging from 0 . 03% - .2% of the diet .  

The results o f  these experiments · showed that in all c ases 

the addition of calcium sucrose phosphates to the cariogenic diets 

signi ficantly reduced the caries s everity score. Other phosphate s ,  

both organic and inorganic , also displayed cariostatic activity in 

thes e experiments , but , as in . other animal experiments ,  it is not 

pos s ible to determine une'quivocally the relative cariostatic 

efficacy of the various phosphates . 

S imilar results on calcium sucrose phosphates have also 

been obtained by Dr . F. J.  McClure of the National Institute of 

Dental Research, Bethesda, U. S . A; 65 . 
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(c) Tests in man 

58  

In selec ting a pho.sphate for tes ting in man one must 

as sess the information which is avai lable on 

( 1) in-vitro experiments on the e ffect of phosphates on the 

dissolution and growth of hydroxyapatite in tooth 

enamel 

( 2 )  the e ffect o f  phosphates in laboratory animals 

(3) the occurrence o f  phosphates in natural non-cariogenic 

carbohydrates 

( 4) the chemical and phys ical properties o f  phosphates 

(5 ) the safety (non-toxicity) of phosphates ,  and 

(6)  the incorporation , compa�ibility and, acceptability o f  

phosphates in foods . 

The collective evidence on thes e  points , which we have 

outlined in this application, clearly pointed to the desirability 

o f  carrying out clinical trials on the effect of calcium sucrose 

phosphates on dental caries in man. 

Two trials have been undertaken inAustral ia. The fir s t ,  

to test calcium sucrose phosphates in toothpas t e s ,  gave us vatuable 

experience in the more compl ex organization o f  the second trial 

to test calc ium sucrose phosphates as  cariostatic food additive s .  

The ability of solutions o f  GaSP to harden human teeth , 

together with the adsorption o f  sucrose phosphates on 

hydroxyapatite sur fac es and the inhib ition of dissolution o f  such 

surfaces , suggested that GaSP may be effec tive as an ingredient 

in toothpas tes' in the inhibition o f  dental caries in man. 

, 
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The evidence which we have accumulated sugges t s  that the 

mos t  e ffec tive way of utilizing the cariostatic e ffects of calcium 

phosphates in dental caries is as additives to processed 

carbohydrate foods . Under thes e  conditions the c ariost atic agent 

is present at the same location and at the same t ime as the 

cariogenic agents which are produced from such foods . However a 

s ignificant , but les ser effect may also be produce d  i f  the 

c alcium sucrose phosphate is used in a toothpaste . A clinical 

trial of a dentifrice containing 5% . CaSP was carried out by the 

Univers ity of Melbourne between May 1963 and May 1965 at Mount 

Scopus College , Melbourne . 

Th 16 6  d h " 1 l ' 6 7  f h '  e pro toco an t e s tat�st�ca ana ys�s 0 t �s 

trial show evidence that calc ium sucrose phosphates as toothpaste 

ingredients produce a s ignificant reduction in dental c aries in 

c ertain groups of tooth surfaces in children using such toothpastes .  

Thes e  results ,  considering the lack o f  supervis ion t o  ensure that 

all the children actually used the dentifrice,  support our 

laboratory evaluations of calcium sucro.s e  phosphates as cariostatic 

agents .  

The data which have been summarized clearly indicate the 

potential use of c alcium sucrose phosphates as an inhibitor o f  

dental c ar ie s .  Moreover the dat a  which have been accumulate d on 

the chemis try and p�armacology o f  c alcium sucrose phosphates do 

not in any way contra-indicate the c arrying out of a clinical 

trial on the use o f  CaS P  at a level o f  1% b ased on the 

c arbohydrate content of the diet in man • 

. _- ------------------------------'-
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A clinical trial to assess  the safety and e fficacy o f  a 

phosphate as a therapeutic food additive in the inhibition o f  

dental caries should cover a wide range o f  suc� foods in which 

the additive is likely to be used. The foods which are' generally 

regarded as being potentially c ariogenic are tho.se process e d  foods 

containing a large proportion of carbohydrate s .  Such foods are 

derived mainly from two types o f  natural s ources , sugar c ane and 

sugar beet on the one hand and cereal grains on the other. These 

naturally occurring carbohydrate foods are in the main proc e s s e d  

and refined t o  produce a wide range o f  predominantly carbohydrate 

foods . Such foods which include table sugars and syrups , 

preserves , confectionery, bread, breakfas t c ereal s ,  cake s ,  biscuits 

and the like have been listed in Item 14. 

At our pres ent state of knowledge there are no 

substantial grounds for incriminating any one of thes e  foods a s  a 

more important cariogenic agent than another. Nor are there 

grounds for as suming that any one o f  thes e  foods is a more 

satisfac tory vehicle for a cariostatic 
.
agent than another . On 

the contrary, the evidence sugge s t s  that i f  processed carbohydrates 

generally contribute to the incidence of dental caries then the 

mos t  e ffec tive vehic le for a carios tatic phosphate is c arbohydrate 

foods gener ally. 

Moreover from the viewpoint of e stablishing s afety in 

the use of a cariostatic phosphate as a therapeutic food additive 

it i s  considered that this can only be adequately determined i f  

the clinical trial covers the maj ority o f  c arbohydrate foods in 

which the additive is likely, ultimately to be used. 
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We have therefore , in conjunc tion with the Dental Re s earch 

Institute and the School of Paediatrics of the Univer sity of N. S . W. ,  

initiated a comprehens ive trial in which c alcium sucros e  phosphates 

are added to carbohydrate foods in a concentration of 1% of the 

carbohydrate contents and consumed by a sufficient number of 

children for a sufficient time to determine whether the incidence 

of dental c aries is reduced,  and o f  e qual importance ,  to det ermine 

that no harm is caused to any of the children by this sub s�ance 

administered in this form. 
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commenced in N. S . W. in March 196 5 .  The trial will continue for 

three years , but the result s  of examinations carried out after one 

year6 9  have already shown that calcium sucrose phospha�es used as 

additives to processed carbohydrate foods s ignificantly and 

markedly reduce dental caries in children consuming such foods 

without any advers e  effect s  on the health o f  the children. 

21 Evidence that the same objectives cannot be obtained by 

good manufacturing practices or existing approved 

additives 

The aetiology of dental c aries is imperfect ly unders tood. 

Present knowledge sugge sts that it i s  a mul ti-caus al' disease 

depending on genetic fact ors , dietary factors and microbiological 

fac tors . As such the dental caries  problem is capable of being 

attacked from many different angle s .  

wil l  nec e s s arily exclude another . 

No one method o f  attack 

In the present instanc e  we are concerned with the control 

o f  dental caries through dietary factor s .  There i s  evidence that 
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such measures as the fluoridation of public water supplies and the 
• consumption of only unpro,cessed natural foods provide ways of 

controlling (but not eliminating) dental caries . However thes e  

• measures are not entirely acceptable to all members o f  the 

community. Moreover > the provis ion o f  large city popula'tions 

with unprocessed natural foods would require an impracticable 

reorganization of the whole comp lex logistios o f  food supply. 

The addition of an additive to proces sed c arbohydrate 

foods which would minimise the generally acc epted c ar iogenic 

properties of 
. d5 9  apprec�ate 

such foods is an obj e ctive which has b een widely 

but which to date has not been achieved .  Such an 

attack on the public health problem of dental c aries would provide 

an approach which would complement other measures such as the 

fluoridation of public 

of such foods would be 

water supplies . Moreover,  the consump tion 

a matter for individual choice ,  as it would 

be obvious to offer both treated and untreated foods to the publ ic . 

It is therefore clear that good manufacturing practice s  

cannot achieve the same obj ective a s  the pre s ent proposal . In 

addition the use of existing approved additives has not been 

proven to achieve the same obj ective . The use of inorganic 

phosphates as potential 

h ' d " 5 9  muc cons� era��on • 

c ariostatic food additives has received 

They have been shown generally to be 

e ffective in reducing dental c ar i e s  in laboratory animals .  

However the evaluations 70 on the e ffect o f  inorganic phosphate 

supplementation o f  the human diet h ave produce d  equivoc al resul t s .  

We have outlined in Item 20 and its  re ferences, the many fac tors 

which must be cons idered in the choice of a phosphate as a 

c ariostatic food additive in the human die t .  I t  is apparent that 

---- - _._- -���� - _ .... _-
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calcium sucrose phosphates meet these requirements more adequately 

than do the inorganic phosphates and in fac t ,  to our knowledge , 

c on s titute the only proven safe and e ffective cariostatic foo d 

addit ive at the pre s ent time . 

22 The advantages which wi 11 accrue to the consumer from 

the use o f  the additives 

The princ iple advantage which will accrue to the consumer 

o f  foods containing c alcium sucr o s e  phosphates as cariostatic agents 

is o f  course dependent in the firs t  place on whether the consumer 

has teeth! 

The effect o f  the cariostatic agent would obviously b e  

more important in children than in adult s .  During the development 

and eruption of the teeth and the period o f  maximum risk o f  dental 

c ar i e s 7 l  which takes place at suc c e s s ive s tages of childho o d ,  the 

consump tion of foods containing a caries inhibiting sub s t ance would 

be o f  greater bene fit than in adulthood. Novertheles s  there is no 

reason to believe that the cariostatic e ffect o f  calciTh� sucr o s e  

phosphates in foods will not continue into adulthood and, . even in 

tho s e  adults and children who do not pos s e s s  teeth, the supplement­

ation o f  the diet with the s e  small levels o f  calcium and phosphate 

woul d be expected to be generally b ene ficiaL 

In tho s e  diseases or condit;Lons in which even this ' small 

increase in calcium or phosphorus may be contra-indicated the 

freedom of choice of c onsumption o f  the treated food can b e  

exerc i s e d ,  as the fact t.hat the additive is incorporate d ,  and i t s  

natur e ,  would b e  c l e arly indicated on the food according to the 

d I t '  52 prop o s e  regu a lons • 
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The advantages o f  a deerease in the dental caries t o  the 
• consumer &,d to general public health 'is far too obvious to enlarge 

on further . 
• 

23 Evidence o f  approval or rejection by any other statutory 

body or authority 

As the discovery of the cariostatic properties of c alcium 

sucrose phosphates is an entirely Australian e ffort ,  and b ecause 

the maj or part of the research and development on the use of these 

subs'tances has been carried out in Australia, there has not been 

any application to .  any s tatutory body or authority 'for approval of 

calcium sucrose phosphates as car ios tatic food additive s .  

An application to the Food Standards Committee o f  the 

Ministry of Agricultur e ,  Fisheries and Food ,  U. K. , for approval o f  

calcium sucrose phosphates for general use in foods was made in 

Januar.y 1965 in order to meet a deadline for consideration of 

various types of food .  additives which are only reviewed periodically . 

There has been no action . in this applic ation to date . 

It is also proposed to submit to the Food and Drug 

Administration of the U . S .  Department of Health , Education and 

Wel far e ,  a notice o f  c laimed inves tigational exemption for a new 

drug . This is necessary in order to clear the way for clinic al 

trfa1s of ca1cium · sucrose phosphates in the U. S . A. which we propose 

to commence in 1967 in conjunc tion with our ass ociates in the U. S . A. 

in this venture , the S tauffer Chemic al C ompany. 

per 

The Colonial Sugar Re fining Company Limited 

General Manager 
December 196 6 .  
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