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ABSTRALT

The sourves of salt, aspects of its guulity and iis physiologicai
role in Buman nuilrition are reviewed.

Esitmares have been made of the contribution of natural
foods, processed foods and sult used in cooking and wt ihe table
to the rotal sali cantent of the divs in the United Kingdom have
bevn made. Accurate ussessment of the average Yoraf salt intake
is nwt possible because of the lerge individual variation in diet
selection, Approximate estimates grrived at by several methods,
inchiding one by dier recafl, pive o range of rofal sult isodinm
chivride) inieke of 0.5 to 12.2 g per head per day. The total
sodium intake fes between 4.5 and 5.0 g per day. Sult added in
covking, or ut rhe table, represents approximarely 27 percent of

the totel sali, Calenlution of the sodium conrributed by func-
ttonal additives to fuod other than sall indicates that these repre-
sent some 5.5 to 6 percent of the total sodinm intake.

The use of salt in food manfaciure is partly a phvsivlogical
necesstty, a flavouring, o preservative and a processing aid.
These uses form the bagsis of the rechmcal functions which silt
serves in processed foods. Some aspecis of these rules in foed
technolopy ave described,

Apuart from its own mudii-functional contribution ta food pro-
cessing, salt appeurs to exercise u particulur synergistic in-

fluence with other funcrional food additions. The significance of

this behawaur i§ considered.

INTRODUCTION

It is fair to say that a greater public awareness of gen-
eral health and human nutrition exists in the Weastern
World today than ever before. Such is the present situa-
tion with the subject of salt in the diet, where the interest
centres on dietary sodium and ifs relationship to
hyperiension.

The body of a healthy 65 kg man contains approxi-
mately 32 g of sodivm, equivalent to 234 g of salt (sodium
chioride). About 0% of this is in the extraceihdar Fuids,
40% in bone, znd 10% within the celis. {Davidson, 1979,
p. 84),

SOURCES OF SALT

Salt is widely distribated throughout the world. It is
found in solution seawater, salt lakes and underground
brine streams, and in dry deposits as rock salt,

The bedded deposits are true sedimentary rocks
formed from evaporation of large inland seas in the Cam-
brian and pre-Cambtian periods. Rock salt is a very im-
portant source of salt and there are appreciable deposits
in the United Kingdom as well as in other paris of the
workd.

The principal methods of salf recovery are shaft min-

ing, solution mining and solar evaporation. Salt deposits
are either mined as rock sait or dissolved underground
and broaght 1o the surface as brine. Rock salt is sold
mainly for industrial use. Brine is recrystaliized to pro-
duce food grades of salt, Solar evaporation is the oldest
method of recavery.

For ordinary grades of salt the brine requires no treat-
ment other than removal of adventitious insofuble Impu-
ritfes. Special grades of salt for use in food processing
may require pre-treatment, generaily with lime or caustic
soda or soda ash to remove calcium and magnesium salts,
In receqat years, sea salt and rock salt have become more
widely available for use for salt for the table. The various
forms of salt differ principally in the quantity and varicty
of trace minerale that may be present, and it is very
unlikely that these forms of salt have any specific health
advaniage,

A standard for vacuum salt for food uses has been pro-
duaced in the United Kingdom (British Siandard 998:
1969) which specifies a chemical purity of not less than
99.6% of sodium chloride, calculated on a moisture-free
basis amongst other parameters. A similar standard ex-
ists in the United States (Food Chemicals Codex, p. 282),
and other specifications have been proposed for particu-
far salt uses, but there is no internationally accepted stan-
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dard of purity for food grade salt, It is therefore of rele-
vaace to note that a standard for food grade safi is pres-
ently being elaborated within the Codex Alimentarius
Cemmission of FAO/WHO. (Kinzel, 1988, p. 447).

PHYSIOLOGICAL ROLE OF SART

Sodium, which is one of the two jons comprising sali, is
an cssential nutrient. lts presence is critical to the main-
tenance of the correct blood volume and blood pressure.
The chioride ion is also imporiant in the maintenance of
the glectrolyte balance of the body. in the transmission of
nerve impulses, and in the passage of water across cell
walls. Tt is also essential to the formation of hydrochlorie
acid in the stomach which has imporfant bactericidal and
digestive functions.

Salt is ingested by every living crearure and is essential
in the natritional and physiological processes of all ani-
mals, ipcluding man. Sodium chioride is present in ail
body tissues and fluids, and is found chiefly in the latter
as a watery solution containing sodium and chloride ions.
The importance of salt is thus based almost entirely on
the properties of its constituent jons.

About 75% of the body water is intracellular and the
remainder is extracelivlar, Approximately one guarter of
this is accounted for by the water of the circulating biood
plasma and the remaining three guarters occupies the
spaces between cells. This fluid s in close contact with in-
dividual cell units; the interstitial fliid,

The uneven division of sodium chioride between these
ftuids is quite marked. Sodiem and chiloride jons are pre-
dominant amongst the mmorganic constituents of the ex-
tracebiular fluid, whilst inside the cell, the intracelfular
fluid contains litile sodium and is almest devoid of
chloride.

Little is known about the mechanismis by which this
large differcnce in salt concentrations inside and ocutside
the cell wall is maintained. The cell walf is freely perme-
able, however, to water, oxvgen, glucose and ali the other
substances necessary for, or produced by, the processes of
life. Living cells utilize oxygen, ghicose and other
nutrients and produce carbon dioxide, wrea and other
waste products. These are discharged into the inferstitial
fluid, which has characteristics of temperature, water
content, asmotic pressure, acid content, ete., which must
remain constant. This is enstred by the continuous inter-
change of water, salt and many other substances between
the interstitial fluid and the blood circulating in the
capillaries. As a result of this inferchange, new nutrient
sipplies are brought from the hings, liver and elsewhere,
and waste products are carried away for excretion by the
kidneys and respiratory system. This essential controf of
the constitution of the interstitial fluid involves many
physiological mechanisms, and sodium chlorvide s in-
timafely coneerned with all of them.
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Reguiation of the Extracellular Fluid Volume

An important property of the extraccllular fhud is its
psmotic pressure, and this is governed by the quantity of
electrolyte dissolved m it. Most of the electrolyte present
is sodium chloride and #s conceatration s regulated by

the kidneys. The rotal amounts of salt and water in the ex-

tracelular fluid are therefore mutually dependent.

Thus, if the guantiy of salt in the body is increased, a
corresponding quantity of water will be retained, so that
the salt conceniration and the osmotic pressure of the ex-
tracellutar fluid remain constant. Approximately 120 to
130 mi of extra water is added to the fluid for every 1 g of
additional salt. Conversely, a decrease in body salt will
produce a decrease in the volume of extraceliulzr fluid.

These volume changes cannot be carried to extremes
without resuliing in a clinical effect, but in the early
stages of salt deficiency or excess, the main disturbance is
an alteration in fhzid volume outside the cell.

Regulation of IntraceHular Water

The intracelhdar Ruid is in equilibrium with the extra-
cellular fluid and in this sifuation water can pass freely
through the cell wall. Sedium and chleride jons cannot
pass through the cel wall to any significant degree, and
an excess of salt in the interstitial fluid causes migration
from inside the cell.

Conversely, duminution in the sali content in the extra-
cellular fluid results in the cell becoming overhydrated.

Regulation of the Neuirality of the Body Fluids

The mormal range of pH in the body fluids is befween
7.35 and 7.45. They are kept in this range by the excre-
tory action of the lung and the kidneys, by the ability of
the red blood cells to cavry carbon dioxide and by the
stabilising action of the sodinm buffer systems in the ex-
wacellnlar fluids. These buffers help to neutralise the
weak acidity caused by carbon dioxide, and any stronger
acids introduced into the body are rapidly neutralised by
the sodium bicarbonate of the buffer systems. Excess al-
kali is similarly nentralised,

‘The buffers depend for their action on sodium salts and
the presence of these is ensured by the intake of sodinm
chloride in the diet. Each kidnev contains approximately
one million glomernfi which act as sieves, forming a
glomerular filtrate in their associated collecting tubules.
In the aduk human, {00 itres of glomerular fiktrate con-
taining up to 1 kilogramme of salt may be forimed each
day. To excrete this enormous volume of fluid as wrine
each day would be more than inconvenient, and in fact,
99% or more of both fluid and salt may be reabsorbed by
the kidney tubules, and it is this mechanism which ad-
justs the losses of salt in the urine to accommodate the
widely varying dietary intakes.

The urinary concentration of sodium may be high or
low depending on the selective reabsorption within the
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kidney tubules, which in turn are dependent on the salt
content of the diet and the sodium leve! within the body.,
In generul it would appear that the healthy body can cope
with almast any intake of salt, although for one tenth to
one fifth of the population, the body salt balance is
disturbed,

Functions Due to Specific Action of Sodinm and Chloride
Inns

In addition to the “bulk™ effects of sedinm chloside de-
wribed azbove, many other physiological processes re-
quire sodium {(and sometimes chioride). These ions are
reguired in exact relative proportions to each other and to
other mineral salis, snch as caleium and potassium,
These processes include the operation of the heart, intes-
tinal muscle and the stomach.

DALY REQU[REW‘?T FOR SALT

A precise figure for the daily requirement for sndzum,
and hence for salt, is difficult to estabtish, In health it will
vary according to age, environmental temperature and
physical activity. Adequate levels for a daily dietary in-
take of sadium have been estimated to be between 1.1 and
3.3 g for adults, equivalent io 2.8 and 8.4.g of sait, or 0.04
to 0.13 g salt per kg body weight (NAS, NRC 1980). These
figures contain a very large salety margin, and it has been
estimated that most adults could remain healthy on less
than 0.5 g salt daily, except under conditions where there
are substantial losses, for example from excessive sweat-
ing or diarrhoea. No known national diets commonly con-
tain snch small amounts of salf, although there are largely
vegetagian cultures whoseé notmal sodium infake is in
the range of less than a half gram of sall per day.

Athletes, those performing heavy manual work, and
people visiting countries with very hot and humid cli-
mates may initially suffer from salt depletion. However,
the body can cohiserve salt both by reducing its urinary ex-
cretion and by secreting a dilute sweat confaining re-
duced amounts of salt, However, additional salt supple-
ments may be needed (Buskirk, 1980, p. 75). '

Infants have greater daily faecal losses of salt than
adults and have a modest requirement for growth. There-
fore, on a body weight basis their need is greater than that
of adults and has been estimated to be between 115 and
730 mg of sodinm, which is the eguivalent of .03 t0 1.9 g
of salt per day, or 0.09 to (.54 ¢ salt per kg body weight
per day (NAS, NRC 1980).

When rapidly ingested in large doses, salt can be
lethal. The lethal dose for aduits has been estimated to be
several grams per kilogramme body weight per day, de-
pending on the length of time for ingestion. However, in
newborn infants, because the capacity for excretion of
urinary sait is much lower, salf toxicity can occur more
casily. (SCOGS, 1979).
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DIETARY SALT INTAKE

Before consideration can be given to such fopical mat-
ters as the effect of varying salt levels on the status of
heaith, or the ways and means of reducing salt levels in
specific foods, it is necessary to define an estimate of the
average dietary salt intake. As with any iem of food
which may be added to the diet according io individual
taste preference. the range of sakt intakes for the popuia-
fion varies greatly. Any calenlated estimate is thus at best
an zpproximation. ' '

A number of sources contribute to the daily intake of
salt. A smafl amount of sodium which is in the fﬂtﬁa"_f_:j_f 4
number of different salts, including sodium chloride, is
consumed in drinking water. This generafly represents
less than 1% of the daily sodium intake. The other 9% is
contained in three major sources.

Firstly, sodium is present naturatly in the food eahan T
sodium- chioride. The sodiwm contents of some typical
natural foods are given in Tabie 1. It is therefore impossi-
ble not to gain some sodium from food, even if the diet
consisted: solely of fresh fruits and vegetables..

The second major seurce of sedinm is contained i pro-
cessed, manufactured foods. Sodinm i added to manu-
factured foods, both in the form of salt and as a large
number of other sodium-containing functionat additions,
examples of which are mogosodizm ghitamate and so-
dimm saccharin. The sodium contents of a selection of
processed foods ave given in Table 2, which would. net
normally be considered to be salty to the palate. (The role

o TABLE1
Sodium Content af Some Natural Foods®
Food mp/idg Serviang -
Apple 2 2mgperapple
Carrot 36 50 mg per 100 g
Mik . N 295 myg per pint
Plaiee, steamed 65 118 mg per & oz, fillet
Steak . s 120 myg per & oz steak
Eggs, boikd 140 78 mg per egg
Celery 140 0 mg per S0 g
*Paui and Southgaie, 1978,
TABLE 2
Sodium Content of Sume Processed Foods®
Fond my/ 108 g Serving
White bread ELH 216.mp per shies
Butter, slightly salted 870 dmpperSeg
Cheese, Stiiton 1150 §73 mg per S0 g
Haddeck, smoked 1226 2074 myg per 6 oz. fillet
Beef, corned 950 475 mg per 30 g
Tomato ketchap 1126 112 mg per 10 g
Soy ssuce 6082 304 mg par 5 mi

*Papt and Southpate, 1978; Inst. of Food Technologists 1980,
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of salt in food processing technology will be considered
{ater in this paper)

The third major source of sodium is that which is added
as salt at home in cooking ot at the table. This is known as
“discretionary” salt and varies greatly among individuals.

To complete this review of the sourees of sedium intake
in the diet, some consideration must be given to the po-
tential contribution of sodium from medicines. Bennett
(1973) has concluded that the total amount of sodium
comsurned in this way is, in most cases, small, However,
the continued use of antacids, laxatives and other non-
prescribed drugs that are based on sodium salts can in-
crease the daily sodium inzake for some individuals,

ESTIMATES OF SALT INTAKE

Several fechniques have been adopted to estimate the
average daily intake. The FDA “market basket” is based
on a dietary survey (SCOGS, 1979). For cach of iwelve
food categories {for example, cereals, dairy foods), nu-
merous individual food iems are purchased in four re-
gions and are prepared as they would be for home con-
sumption, but without added sait. Dhscretionary salt is
added into a separate category and the results adjusted
for a diet of 3900 Kcal,

A somewhat different approach is used by the National
Research Counet Subcommittee surveving the use of
GRAS substances {1972). Information was ohrained frum
manufacturers on the levels of salt added to processed
foods, and in this way estimates of the average salt Jeve] of
a large number of food valegories were prepared. The
average salr intake was computed by estimating the fre-
quency and size of portions of these food categories eaten.

Both of these techniques provide good indications of
average salt consumption but de not provide data about
individual variation of the intake. ¥f individual figures are
required, the only reliable method is to measure the so-
dium excretion of the individual. As has been discussed
previously, sodium is excreted from the body almest en-
tirely in the urine, although miner losses do oceur in the
fasces and sweat, Generally, the faecal loss of sodium is
less than 100 myg per day and in non-sweating conditions
the loss of sodiam through the skin is egually small, so
both of these losses may be neglected, provided the sub-
jects do not exercise. The salt excretion is obtained by the
colection of 24-hour wrine samples under institutional
conditions.

METHODS AND RESULTS

Sodium Occurring Naturally and Added to Fonds
During Processing

Three methods have been used to estimate the contri-
bution of salt to the diet from these sources,

Method 1. The amouni of salt ingested per day has
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heen calculated from a hist of foods chosen to represent
the typical human diet. This is recommended as “A Well
Balanced LK. Diet” in a standard textbook of nutrition
{Davidson, 1979). The average portion was estimated,
and the sodium confent was derived by calculation using
nuttitional tables. {Paul and Southgare, 1978).

The results are given in Table 3. The total sodium in-
tuke is 3.433 g per day which is equivalent to 8.85 g salt
per day.

Method 2. Ten adulr healthy male and female volun-
teers, between 15 and 45 vears of age, were asked to re-
cord in detail the nature and amount of their food intake
for a period of 24 hours. The quantity of sodium con-
sumed in this way was calculated using nutritional tables.
(Pau!l and Southgate, 197H).

The individaal records are not reported in this paper,
bust the resukis obtained have been summarised in Table 4.
‘The average soditm intake per day is 3.63 g, which is
equivalent to 9.3 g sakt per day.

Meihod 3. Data relating to food groups, listed in offi-
cial UK, consomption surveyr (National Food Survey,
1980), were adjusted according to average U.K. esti
mated intakes. The sodinm content was calculated using
nutritional tables. (Paul and Southgate, 1978).

The results are given in Table 5. The total sodivm in-
take is 3.29 g per day which is equivalent to 8.4 g salt per
day, '

TABLE 3

Estimated Average Daily Intake of Food and Dyink in Britain®

Average .

Fortion % Na Intake

Food i Nu g/ head/day
Pineappla jnice 126 0.001 0.001
Hacon (back, fried} 30 2.7 0.837
Hgp (fried) 50 0.220 0.110
White bread {foasted) 50 0.635 0.508
Butter (slightly salted} 30 0.223 0.067
Jam (Truit) 20 0.0159 0.003
Biscuits {digestive} 30 0.435 0.531

Shepherd’s pie 260 {.351 0913
Peas (frozen) [{14] 00008 0.001
Yoghurt 150 G.062 0093
Tomato ketchup 10 1.123 0112
Doughnut 60 0.060 0.036
Roasy chicken 150 0.080 0.120
Carrots {old, boiled) 100 £.056 0.050
Brussel sprouts {boiled) 120 0.008 0.018
Roast potatoes {oid} 170 0.009 0.028
Apricols (canned) 150 0.0069 0.001
Cream (double) 25 0.027 0.007
Biscuits {sweet) 3o 0.216 0065
Potato crisps 0 G.0352 oo
Beer (pale ale} 570 0.01m 0,058
Coffee 604 0.0003 0.602
Tea 450G 0004 (.002
Milk (fresh, whole} 590 0.050 (3.295

¥Based on the weil balanced U.K. diet.
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TABLE 4

Summary of Sodinm Intake (excluding discretionary salt)
by Fen Volunteers

Sahject Totsl Sodimm
Na. Description Intzke g/Pay

1 Male Age 24 years 3726

2 Male Age 24 years 5.408

3 Male Age 45 years 3.069

4 Male Age 28 years 2.968

3 Male Age 35 years 4,480

b Female Age 15 vears 1618

7 Female Age 20 years 1626

8 Female Aged? years 1.789

9 Female Age 26 years 2.888

0 Female Age 28 yoars 1.693

Discretionary Sakt

The calculation of the contribution of diserctionary sait
has been derived from two approsches to provide a prob-
able range,

Official figures for 1978 {Household Food Consump-
tion, HMSO) for houschold salt consumption per persom
provides a fipure of 3.1 per day. This figure is considered
10 be & low estimate, as it fails to include salt used in cook-
ing or added to food consumed outside the home.

In 1978 the packet salt market in the UK was estimated
1o be about 80,000 tons, which when divided by the ap-
proximate population of fifty million gives a consunmption
figute of 3.6 g salt per day. Thiz amount is undoubtedly
high as 1t takes no account of the salt lost in discarded
cooking water, left on the plate or used for other house-
hold purposes not associated with food,

Sediem From Sources (ther Than Sali

A considerable number of fuactional food additives,
apart from salt, such as sweeteners, emulsifiers, preserva-
tives, colouring and flavouring materials and so on, are
added io processed foods. Many of these are sodium-
based and their contribution to the total sodium daily in-
take is therefore of importance and needs delineating
from the sodium contribution of salt itself.

The sodizm-containing ingredients have been categor-
ised in terms of their most probable function in foods. Us-
ing data for 1981, the total tonnage used in the U.X. has
been divided by the estimate of the total population of ap-
proximately fifty million. The levels of the ingredients or
compounds used in their functional role have been taken
either ax the maximom levels permitted by the UK. legal
regulatory systems, where these levels are applicable, or
as an estimate of the average level of use required to give
the necessary funceional characteristics of colour, Havour
and so on, where no legal maxima apply. The official
figures for household foed consumption were used to
determine the levels of consumption of individual types of

TABLE 5

Cafeniation of Average Sodinm Contents of Food Groups
Multiptied by Intake Data Provided by Food Facts
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Sodinm Con-
Avcrage In- tent In Aver-
take/ Person/ age Portion
Fuood Group By (g
Liquid milk 336 mi 168
Other milk 31 mi 57.7
Cheese 6.3 g 130.6
Butier 3.9 138.3
Margarine 135 g 124.0
Lard and compound fat 649 g 0.14
Eggs (numbwer} 0.5 42
Preserves S8.1g 4.03
Sugar ERICH -
Beef and veal By 18.4
Matton and lamb 168 g 11.95
Park 179¢ 11.78
Bacon and ham—uncocked 1.5 g 255.97
Bacon and ham-—opoked 45z 04.87
Poultry and cooked chicken 273¢ 18,65
Other cooked meat, sot canned 22y 5.50
Other canved meat Btg 80.54
Offal 40¢ 4.77
Sausages—urncocked 13.0¢ 102,08
Meat pieg and sausage rolls,
ready to cat Jlg 1876
All others, not frozen 99 YA
Fish, fresh and processed 1.5 44,40
Canned fish i0g 15.08
Fish and fish preducts, frozen S46g 184
Fresh green vegetables 47.6 ¢ 344.60
Teomsatoes, fresh 171 g 0.51
Other fresh vegetables N2lg 82.08
Frozen vepeiables 2l5g 3.0
Canned lomstoes 6.2 g 1.80
Canned peas 94y 21.62°
Canned beans 6.3 g 357,72
Potatoes, excluding processed 1400 g 19.25
Citruy fruit 2B.6g 077
Bananas 13.2¢ (.13
Apples 297¢ .39
All offter fresh truit 5.8 0.87
Canned fruit 12.6 g 0.42
Dried fruit, nots and fruit &
nit products 37g .48
Pickles and sauces 163z 49.19
Flour 204 12.41
White bread, standard loaves 85.6¢ 402,24
Brown, wholewheat and
wholetneal 22g 120.99
Other bread 5.7 51.06
Buns, scones and tea cikes lig 18.8%
Cakes and pasiries it.3gp 2.4
Chocolate biscuits 47 ¢ 7.52
Other biseaits 18.3 g 72.31
Breakfasi cercals 4.7 ¢ 81.04
Oatmes! apd oat products t.2g 758
Canned milk puddings 3.1z 1.55
Tea 8§4g 3.7
Instant coffee 22p 0.90
Canned senps 92g 43.47
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focd. {(Houschoid Food Consumption, HMSO0) (Feod
Survey Committee, 1980),

Care has been exercised with the data so that where
there are alternatives 10 sodimm-containing additives
available to exercise the same function in a food an esti-
mate has been made for the usage of the sodivm-bearing
one. Thus, as an cxample, sodium stearoyl lactylate has
been assumwed (o represent 10 percent of the emulsifiers
used in bread and fiour confectionery. The only sodium
chloride sources given in this caleniation are hydrolysed
vegetzhle proteiny and yeast extracts.

The toial sodium intake is 1.9 g person per week, or
(.27 g per person per day {Presented in Table 6).

DISCUSSION OF RESULTS

‘The results for the sodium intake, both present naru-
rally and added in processing, differ, depending on the
method used to estimate the dietary contribution, This is
ta be expected because there is a considerable individual
variation in salt intake. The figures of 3.45 g, J.63 g and
3.24 g of sodium per person per day that have been ob-
tained provide a refiable servies of approximations of
sodium intake.

Using the mean cesult of 3.3 g, the sodium contributed
by functional additions to food other than saly, viz, .27 ¢
per day that has been calculated (Table 6), represents
7.7% of the sodium contributed to the diet from food.
This figure concurs with a stalement in the literature that
the small quantitics of sodium, other than that found in
nature and from sali used in food processing constitutes
less than 10% of the rotal resulting from salt (Kare, 1980,
p. 2213) and is therefore probably a conservative estimate.

If all the sodium in food is assumed to be in the form of
sodium chioride, the range of sall intake derived from the
results is between 8.4 g and 9.3 g per person per day, On
the other hand, if allowance is made for the possible con-
tribution of the 0.27 g of sodium from other functional
additions, then the equivalent salt infake falls to berween
77gand 8.6

The discretionary saft consomed is between 3.1 g and
3.6 g per person per day. Thas the total salt {sodium
chioride)} infake derived from these cakeulations is within
the range of 10.8 g to 12.2 g per person per day. The total
sodium intake is, of course, between 4.5 g and 5.0 g per
person per day, equivalent to a salf intake ranging be-
tween 11.5 g to 12.9 g per day. Discretionary salt thus
represents some 27% of the total daily salt intake on aver-
age, with a range of 25 to 33%, and the sodium derived
from other functicnal food additions represents between
5.5 and 6% of the total intake.

It is of interest to compare the data cbtained here with
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the results of other dietary studies that have been
reported.

in the United Kingdom, the sodium content of all
items on the Nationai Food Survey has becn calculated
{Bull, 1980). The total sodium intake was 3.5 g per person
per day, comprising 2.23 g from food and 1.24 g from dis-
cretionary salt, The total sodium content is considerably
iower than the presen{ data provide, but the diseretionary
mtake i comparable.

In a separate study of total diet samples from six arcas
of the United Kingdom, the average intake of sodium in
representative amounts of food, prepared where appro-
priate in salted cocking water, but excluding salt added
at the teble, was estimated (Buss, 1978). The average in-
take of sodium ranged between 2.9 g and 3.7 g, which
may be compared with 3.3 g to 3.6 g reported in this
study.

The differences that are recorded point to the difficul-
ties encountered in surveving “national” data, since such
surveys normally record only food purchased with the in-
tenition of home consumption and ignore the sodium from
food caten outside the home.

In the United States, dietary data for 1971 to 1974 are
reported for naturally occurting sodium in foods and so-
dium added by food processors. (11.S. Department of
Health and Human Services, 1981). These indicate an
average daily consumption of 2.70 g sodium, equivalent
to 6.9 g salt for males, and 1.85 g sodium, cquivalent to
4.7 g salt for females. The differences reported amoeng
various age groups were small. The technique vsed was
based on diefary recali, so discretionary salt is nof in-
clunded in these data.

The difference between the dietary salt intake of males
and females is also apparent in the resuits given in Table
4, hut because of the small number of results, the figures
are not capable of statistical evaluation.

‘The most comprehensive conteraporary review of dietary
sodiwm intakes in the United States is reported in SCOGS
€1979). Using both direct and indirect measurements of
discretionary, naiurally occurring and processing sodium
additions {including salt), many differing cstimates of the
total salt intake for aduits have been made. [t is concluded
that the best estimate of daily salt ntake is not less than
10 g to 12 g. Discretionary use accounts for about one
third of the total intake on average. Of the non-discre-
tionary confribution, 3 g of salt is attribufed to sodium oc-
curring naturally in foods (when expressed as sodium
chioride), and by difference 4 g to 6 g added in both the
form of sakt and other sodium-based functional additions
by the food processot.

The figures relating to both total intakes and discre-
tionary salt use are not dissimilar from the results derived
in thixz study. The contribution made by naturally occur-
ring sodium in foods has, however, not been evaluated as
yet.
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TABLE 6
Sodigm from Sources Other Than Sal
Intake (mg/ Signifiesnce
Additive/ Ingredient Functien % Ng  pesson/week) Food Types/Levels of Use Assunptions in Piets
Sodium ascorbave Antioxidant 1 <16 Cooked meats, bakery Asorbic acid generatly Low
products, pickles— preferred
0.2% {approx.)
Sodinm nitrate Preservative 27 20 Baven and ham—>300 Consumption = 5.319 oz. Low
ppm per week
Sodium nitrite Preservative 33 1% Bacon and ham--200 Consumprion = 5,19 oz. Low
ppm per wigh,
Sodium propionate  Prescrvative 24 <10 Bread, processed Propionic acid and cal- Yow
cheese—0.3% max. cium salt more com-
monly tsed
Sedizm salphite Preservative 37 5 Dried fruit (<350 ppm}  Consumption = 1 oz. Low
and jams (< 160 ppmy} per waek
to Dried veg., instant po- Consumgption = 8.5 oz.
tato {2 2000 ppm) per week for each
Sodizm benzoate Pregervative 16 10 Jaras, marmalade, Present in 30% of prod- Low
pickles, sauces uets {1,758 oz.}
{< 1000 ppm)
Sewdium stearate Eemulsifier 14 <10 DButch crispbreads only —_ Low
Sodium siearoyl Ermulsifier 6 30 Bread and bakery prod-  Used in 10% of bread Low
factytate (S5L] nets—{.5% max. and cakes at maxi-
mum level
Dyestuffs: Tartra-  Artificial 10 7 Numerous tvpes. $.1% UK. usage = 2% of L.ow
zine, Sunset yellow  Colour {ave} caramel usage =
FCF, Indigo 176 tons/znnum
carmine
Caramel Colour 0.2 5 Gravy browning, numer- U K. usage = 7000 Low
s types tons/anaum
Sodium nucleotides  Flavour 13 17 Savoury products, L.K. usage = 35 tpa Low
dried soups <2%
Monasadiarm Flavour 12 280 Sevoury preductls, <3% UK. usage = 6000 Medium
plutamate Enhancer in dry soug mix ' tons/anmum
Hydrolysed Vege-
table Protein _
—sgodiom chioride  Flavour 18 245 Savoury produety UK. usage = 4000 Medium
~-natural MSG 1.3 28 " tons/ansum ' Low
Yeast Extract Favour 4 120 Savoury produsts LK, usage = 8000 Medium
{mosily NaCl) < 0%, Matmite fane/annum
Saecharin Artificial 12 an Soft drinks, hot bev- Consumption = 25% of Low
Sweetener erages WHO recommended” Low
maxtmum ADI,
Sodium cirate pH 11 40 [ee crean:, evap, milk Consumption = 2.35 Low
Controfler 0.5% oL, per weelk
Sedium acid pyre-  Sequester- 116 Canmed beef, canned Consumption = 2.35 oz, Medium
phosphate ing Agent 21 20 poultsy, other canned per week
NayH, POy meats < 8.5% Consumption = (.31 oz Low
Canned fish <0.5% per week
Teira sodium pyro- Coagulativg 35 120 Milk puddings < 1% Comsumption = 1.2 oz Medim
phosphate NasPy0, Agent per week
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TABLE 6 {cont.}
Sodim from Sources Other than Sal
Intake {mp/ Signiflcance
Addtitve/Ingrediont Foncibm % Na  person/week) Food Types/Eevels of Use AsFamplions in Diets
Sadium tripolyphos- Water 34 ] Fish products <0.2% One third of fish eaten Law
phate Binding is phosphate freated
{= 3.4 oz/wk)
£30 Chicken, cooked ham, One half of products Medium
bacon, pouley 0.4% are phosphate ireared
(= 3.4 vz/wk}
Sadium pectate Thickener, 10 95 Cereal convenience foods  Consumption = 0.6 oz Low
Sodivm OMC Stabiliser, {ave) {0.5%) ice eream per week
Sodium alginare Gelling {0.3%} jellies {D.4%)
(cdible gums) Agent dressings (0.5%)
mitk peddings (1%)
Sodium bicarbonate Chemical 27 310 + 80 S.R. fAaur— 1% cakes 5.R. flour = 2/3 of High
Leavening and buns—3.3% flour consumed
{— 4 az)
Consumption of cakes
and buns = 3.5 oz.
Sodium alominigm  Chemical 2.4 3 S.R. flour, cakes & buns  Used in 25% of cakes Low
phosphate (Levair)  Leavening L5% and pastri¢s (0.25 oz)
oz, per week
Sodium acid pyro-  Chemical 21 90 + 40 S.R. flour—1.3%, cakes  Used in $0% of cakes Mediam
phosphaie Leavening and pastries—0.4% and pastries and 20%
N33H3p107 of 5.K. fiour

SALT IN FOOD TECHNOLOGY

Salt has an essential role to play in food technology, as
2 flavouring, preservative and textural ingredient, and it
is used widely and in varying amounts in the processing
and manufacture of many foods. Its use in particular
Toods is well documented and it is not proposed to pro-
vide details here. It is appropriate, however, to describe
the more inportant principles involved in its multifune-
tional attribufes, and to iHustrate them with references to
foods that owe their viability to these properties.

Salt in Flavouring

Oune of the most universal and demanding appetites is
that for sedium chloride, and salt has been calied the
“primordial narcotic.” (Muithauf, 1978, p. 4).

Interaction of sodium and chioride with the taste cel
membrunes exciles an inpervating sensory nerve. When
sait is taken into the mouth, salivary seeretions increase,
and the oral stimulatton broadly serves to initiate antici-
patory digestive activity (Strong, 1968), and it is possible
that even at very early ages, salt increases the palatability
of food (Kare, 1978),

References to the use of saft in cooking can be traced
for aver five thousand vears (Kaufmann, 1971, p. 397),
and the lack of the proper amount of salt causes many

foodsinffs to be flat, tasteless and undesirable. Thus
bread from which salt has been omitted has been re-
ported to be unsaleable because of its insipid taste (Pyler,
1952y and sali affords the best means of correcting
blandness or absence of flavour,

Salt gives food 2 flavour which is distinctly salty, and
its apphications as a flavour, and with spices as season-
ing, are legion. In addition it acts to accentuate the fla-
vour of other major and minor constituents, as well as
flavours induced by fermentation. For example, the
sweetness of sugar can be emphasised by the conirasting
taste of sait, thus, about 15 to 20 g salt is added to 10 kg
sugar to improve the taste sensation in meringaes.

$akt as a Prescrvative

The microbinlogical stability of a food, or the Hkeli-
hood of spoiling, is related to the state of the constituent
water and not just the water content. There is a correla-
tion between the thermodynamic water activity a,, and mi-
crobial growth under certain circumstances {Scott, 19575,
a, is the rativ of vapour pressure of water in the food to
the vapour pressure of pure water at the same tempera-
ture and is numerically equal to one hundredth of the rel
ative humidity generated by the food in a closed system.

The a,, of a food influences of muitiplication and met-
abolic activity of microorganisms, including toxin pro-
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duction, as weli as their survival and resistance. This is
true not only for organisms that cause spoilage and food
poisoning but also for those which are desirable for the
fermentation of certain {oods. Most organisms oceurting
in foods proliferate at a high a, and enly a few require a
low a,, for growth,

For every different microorganism there is a value of a,,
required for the growth of & number of genera of bacteria,
yeasts and moulds - which are recovered from foods
(Leistner, 1978, p. 128}, many of which are based on the
sodium chioride tolerences of the organisms. Substrates
with a, of less than 0.95 inhibit muhiplication of most
Gram-negative bacteria as well as spore forming bacteria
of the genera Bacillus and Clostridium- and also appar-
ently inhibit germisation of bacierial spores. Some
Gram-positive bacterfa which are desirable for the fer-
mentation of meats, c.g., representatives of the genera
Lactobacillus, tolérate a much jower a, than §.95and
well adapted strains of bacteria, for example. those found
in curing brines, are able to grow at an a,, at which most
representatives of their genera would be'inhibited: - -

In traditional processes, in order to-obtain an extension
of the sheif life of products, decreases in the a,, of a food
are accomplished by drying, freezing ox the addition of a
hydrophitic chemical (2 humectant)., Some of these pro-
cesses are applied in combination, and the ohject is to de-
crease the a,, below a level where most pathogenic micro-
organisms cannot grow but still have encugh water in the
product for palatability. -

Both sugar and salt are examples of hydrophilic chemi-
cals, and sodium chloride allows the highest maistare con-
fends at a,, of besween 0.7 and 0.9 because its molecular
weight is low and its solubility is high. Unfortunately it pre-
sents tasie problems when used in high concentratons.

Butier is.a typical example of a product whose shelf life
can be extended-considerably by the addition of between
1 and 4 percent-of salt {even though sakt is added prﬁnan
iy as a flavi aurmg}

Salt in Procescing

Salt plays an hnportant rele in affecting the texture of
many products.

in bakery products, it has a strengthening effect on
ghuten in bread doughs, rhereby improving the handling
properties of dough and reducing water absorption. This
may be due to direct action on the gliten or it may be due
to an inhibitory action on the proteolytical enzymes.

A similar explanation may account for the effectiveness
of salt in comiroling the develepment of bitter flavour in
Cheddar cheese, where it has been shown that salt exer-
cises an inhibitory effect on the proteolysis of beta casein
(Fox, 1971, pp. 165-170).

In meat products texiure is affected by the capability of
salt to solubilise the myofibrillar and sarcoplasmic pro-
teins which have both hydrophilic and hvdrophobic prop-
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erties enabling them fo act as emulsifiers. [ts use therefore
serves to bind water through electrostatic interactions and
retain product ylelds. The solubilised meat protein and
water form a matrix which encapsulates globules of fat.
When the raw emulsion is cooked, the fat is mehted and
hebd within the matvix of heat coagulated protein, thereby
diminishing lnsses of fat and water, for example, in frying
comminoated meat products like sausages,

Fermentive Texturising

The principle of using selective fermentation to alter
the flavour, texture and other properties of basic foed has
been applied to & wide vamzty of c.ommodmes, vegz:table
dairy and meat.

Vepetables rapidly lose their turgidity and are prone to
quality” deterioration unless they are processed imime-
diately after harvesting. The prodaetion of processed veg-
etables relies heavily on brining ‘ar salting. Unfermented
products are usually stored in 15% brine, thereby inhibit-
ing the growth of ali the surface mu:roflora and extendmg
the shelf fife by several months; e

Fermented vegetable products, onthe other hand, hive
an almost indefinite’ shelf stability when maintained in
anagtobic” conditions, and their ofganoleptic attributes
are also considerably altered by the physical and chemical
changes brought about by the fementat;on, mcludmg
the maintenance of turgldlty

Raw vegetables Have an extenswe flora of microorgan-
isms, the majority of which ate inhibited when the
vegetables are slightly salted (2%-3%}. The salt, through
its osmutic effect, provides an- aqueous environment from
the vegetable tissues which contain fermentable siugars
and other nutrients. This is between & and 11 pércent
equilibrivm sali content overall. This selective. redietion
in a, allows bacteria, particularly the lactobacilfus and
aerobacter types, to ferment the natural sugar present (of
added sugar if no natural sugar is available). Some con-
vert: the sugars almost exclusively to lactic acid,’ othets
produce lzctic #cid, carbon dioxide .md traces of aicohtﬂs
and aceric acid, :

Spoilage microorganisms include yeasts, some of whzch
may ferment the sugars to earbon dioxide and alcohpl.
Gther veasts act oxidatively at the sutface of the brine,
and ferment and destray lactic acid, thereby reducing the
level present. These therefore need controlling. since the
remaining sal-tolerant organisms ere puirifactive bac-
teria which are inhibited by lactic acid.

Similar mechanisms are involved in the production of
fermented sausages (where a lactic acid starter culture
may have to be added), and in cheese making where salt is
added to the curd to retard the growth of microorganisms
and to develop texture and flavour (Zaika, 1978, pp.
186~189). Blue cheeses are more heavily safted to inhibit
bacterial growth, allowing the growth of salt-iolerant
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moulds. “Swiss" cheeses and soft curd cheeses ate only
slightly salted.

In bakery products, salt serves fo control the rate of fer-
mentation in yeast leavened products, and ks presence
can prevent the growth of undesirable organisms and the
development of undesirable wild veasts.

THE SYNERGISTIC EFFECT OF SALT WITH
OTHER FUNCTIONAL ADDITIONS

So far, the intrinsic functional roles of sali in food tech-
nology have been considered. but it is evident that it also
enhanees its efficiency in these rokes when used in combi-
nation with other funetionat additives. This phenemenon
will assume much significance when considerarion is
given to the reduction of salt and other sedium-based
functional additives in processed foods, especially if
replacement of sodinm by other anions proves to give rise
o other nutriional imbalances,

Inhihifory and Antimicrobial Activity

Salt/mitrite miximres in meat ewring, Salt alone does
not destroy pathogenic organisms with certainty and has
a limited preservative effect. In the absence of oxygen. as
in canned of In vacuum packed meats, the organism (.
botulinum can grow unless sdequate conirol measures
are raken, This arganism is responsible for the often fatal
food poisoning known as botulism.

The combination of salt and nitrite {curing mixture),
as well as producing the required colour and flavour, has
a unigoe preservative effect. Sodium nitrite, or the nitre
oxide it generates, is the only single substance that selec-
tively prevenis botulism toxin formation in the presence
of salt (Baird-Parker, 1974}, The effectiveness of the ac-
tion is dependent on the pH of the system and the rate of
diffusion of salf into the meat mascle and is not related to
the a,,

The “hurdle effect” relates the interaction of the sev-
eral parameters that may influence the inhibition of
microorganisms in such systems (Leistaer, 1976, pp.
126-128), and this concept might also explain why
canued cured meat products, such as canned hams, can
be rendered shelf-stable by a heat process which is less in-
tense than that required for canned meat products that
ate not cured,

Salt in combination with other antlmierobial agents.
The inhibition of Staphylococcus aureus growth by com-
binations of sodium chioride with buvlated hydroxysnisole
(Stern, 1979), with potassium sorbate (Robach, 1980} and
of Moraxella-Acinetobacter cells by combinations of so-
dium chloride with sodium phosphates {Firstenberg-Eden,
1981) is reported, but as vet no technical applications have
specifically resulted,

Yeasts are normally protected against heat inactivation
by sodigm chloride. The sensitivity of yeast cells to heat

Sixth international Sympasium on Salf, 1883--Vol. {l

can be increased by adding pofassiem sorbate or sodium
benzoate, [t has been suggested that the time/tempera-
ture requirements for pasteurisation of food products
containing refatively high levels of sodium chloride couid
be reduced, thus maintaining more desirable sensory and
nutritional gualities {Beuchat, 1981).

Salt in combination with spives and essential oils. The
inhibitary action of cinnamon and cloves and other spices
ont the germination of mould spores and the synergistic ef -
fect of the addition of salt has been observed {Anand and
Johar, 1957} in mango pickle. The synergistic antimicro-
bial effects of sodium chlonde with several cssentiaf ofl
components have also been reported (Kurita, 1982),

Salt it combination with sodium Iactate. Several hu-
mectanis appear to produce more depression of the a,
than expected. Of these, sodium lactate shows particu-
larly remarkahle behaviour and is further particularly ef-
fective in synergistic combinations with sodium chloride
{Loncin, 1975),

Rehydration {Cereal}

The use of phosphates and polyphosphates for improv-
ing rehydration and cooking times by cereal grains and
pasta is reported in the literature. The use of sodium
chlotide in conjunction with phosphates is less well
known. It has been shown that a synergistic effect exists
for salt-phesphate mixtures and the ratio in which they
arg used in combination has been shown to be of particu-
far significance {Personal communication, Bale, 1982}

Autolysis (Yeast)

The addition of sodium chloride to compressed baker's
yeast induces strong plasmolysis of cells. The simubfane-
ous addition of ethanol and scdium chioride activated
some intracelhular proteinases, which accelerated autoly-
sis following plasmolysis., Addition of ethanol alone
causes a lesser activation of these enzymes, but with the
development of a bitter flavour. The synergistic effect al-
lows the preparation of food grade veast with accepiable
flavour (Sugimoto, 1974),

Emulsification

The addition of phosphate to sodivm chieride solutions
increases the amount of extractable protein from de-
bonted turkey meat and there is a synergistic effect on the
water holding, binding and emelsification capacities
(McMahon, 1976). in pork. combinations of salt and so-
dium ftripolyphosphate were synergistic i improving
“drip” loss and colour in restructared pork and de-
creased losses on cooking (Schwartz, 1976).

CONCLUSION

The availability of 2 wide variety of foods, marketed
nationally on an ongoing basis clearly depends upon their
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processing with salt, among ather sodium containing sub-
stances, to provide and enhance flavours and to develop
and maintain specific characteristies of foods sach as tex-
tare and durability. The levels of salt i processed foods
have evolved 1o meet these needs, and the consnmer has
become accustomed ta the salt flavour produced by these
levels, The significant reduction of salt content could,
therefore, not only make some products unacceptable but
sericusly impair the essential nature of others, and it is
impracticable to do so at present,

The synergistic behaviour of salt in conjunction with
ather additives in food is thus not only of considerable in-
terest but is worrhy of further study and evaluation in its
application to food processing technology. This would
allow for the reduction of salt level in foods, yet offer the
maintenance of quality and sheH stability, The gradual
reduction of the level of sall in foods would permit the
consumers to adjist their established taste preferences.

ACENOWLEDGMENTS

The writer would kike to thank Mrs. 3. P. Deeprose and M,
R.RW. Bale of the RHM Researeh Ltd., The Lord Rank
Rescarch Centre, High Wycombe, Buckinghamshire, for the ¢x-
perimenial data and calculations of the salt intake and the con-
ribution of sedinm-based additives other than salt to the diet.

REFERENCES

Anand, 3. C.and I, §, Johar. 1957, Effects of condimantson the
conirol of Aspergillus niger in Mango Pickle. Jour. Sci. Ind.
Res., Sect. Av. 16 370.

Baird-Parker, A, C, and M.A.H. Baille. 1974, In Proceedings
of the International Symposivm on Nifrite in Meat Preducts,
pp. 77-90, 1SBN 90-220-0463-5.

Bale, R.R.W. 1982. RHM Hesearch 11d. Uapublished data.
Bennett, D. R. 1978, fr Sodirm and Potassinm in Feods and
Drugs, pp. 66-75 American Medical Association, Chicage.
Beuchat, L. R. 1981. Effects of Potassium Sorhate and Sodiem
Benzoute on Inactivating Yeasts Heated in Broths Containing
Sodiam Chloride and Sucrose, Journal of Food Protection v,

H(10): 765789,

British Standard 998: 1969, Spccification for vaceum sak for
butter and cheese making and other food ases. British Stan-
dards Iastitution, London,

Bafl, N. L. and D. H. Buss, 1980. Coniributions of foads to
sodium intakes. Proe. Nutr, Soc. v. 19:30A.

Buskirk, F. R. 1980, fn Sodium and Medicine and Health,
Ed., C. Moses, pp, 75-90, Heese Press, Baltimore, Md.

Buss, D. H. and D. G, Lindsay. 1978. Reorganisation of the
U.K. total diet study for monitoring minor constituents of
“food, Food Casmet. Toxicol, v. 16:397-600,

Davidson, 5. P. Passmore, J. F. Brock and A. 5. Truswell.
1979, in Human Nutrition and Dietetics, 7th Edition, p. 84,
Churchill Livingstone Edinburgh, London and New York,

Firstenberg-Eden, R., D). B. Rawley and G. E. Shattuck. IOR1,

687

Inhibition of Moroxcla-Acinciobacter celly by sodivm phos-
phales and sodiom chlonide. Journal of Food Science v.
46{2):579-582,

Food Chemicaly Codex. 1981, (3rd Edition}, Sodium Chioride
pp- 282-283.

Food Servey Commitiee. 1980, National Anaual Report, Table
12 “All Households™ columm. Ministry of Agriculture, Fisherics
and Food H.M. 5.0,

Fox. P. F. and B. F. Walley. 1971, Influence of sudium chloride
on the proteolvsis of casein by rennet and by pepsin. Journal of
Dairy Res. v. 28(2):165-170.

Householtd Food Consumption and Expenditure. 1978, Ministry
of Agticulture, Fisheries and Food H.M.5.0.

institute of Foed Technologists' Expert Panel on Food Safety
and Nutrition and the Commiitee on Public Information.
Dietary Sak—A Scientific States Summary, 1980, Food
‘Technology, v. 34(1):85-91

Kare, M. R. and J. G. Brand. 1978, Jrr Sodium and Potassium
in Foads and Drugs, pp. 17-22. American Medical Associa-
tion, Chicapoe,

Kare, M. R., M. H. Fregly and R. A. Bernazrd. 1980. Biological
and Behaviourai Aspects of Sait Inake, p. 223, Academic
Press, New York, N.Y.

Kanfmann, D. W, 1971, Sodum Chioride, p, 397, Hafoer Pub-
lishing Co., New Yark, N.Y.

Kinzel, G, 1980, 5th Symposim on Salt, v. 2:447-4531.

Kuriia, N. and §, Koike, 1982, Synergistic antimicrobial effect
of sodium chioride and essential oit components. Agric. Biok,
Chem. v. 46(1):159-165.

Leistner, L. and W. Rodel. 1976. In Intcrmediate Moisture
Foeds, p. 121, Ed. R. Davies, G, G. Birch, ar:d K. 1. Parker.
App. Sci. Publishers Lid., London.

Lomcin, M, 1975, Basic principles of moisture equilibria. fn
Freere Drying and Advanced Food Technology, p. 599. Ed.
8. A. Goldblith, L. Rey, and W. W, Rothmeyer. Academic
Press, London,

MeMahon, D, F. and L. E. Dawson. 1976. Effect of salt and
phosphates on some functional characteristics of hand
and mechagically debonded turkey mest. Pouhry Science
v. B5(21):573-578.

Multhae, R. P. 1978, Neptunes Gift, p. 4. Johns Hopkins
Univ. Press,

National Academy of Sciences, Nationzt Research Council,
Food and Nutrition Board, [988, Recommended Dietary
Allowances, %h Edition, Washington D.C.

National Food Survey of Household Food Consumption in the
Second Quarter of 1980. Food Facts No. 10 H.M.5.0.

Paul, A. A. and DLAT. Southgate. 1978, fn McCance and
Widduwson’s The Composition of Foods, 4th Edition
H.MSE.O.

Pyler, B. 1. 1952, Bakery Science and Technology, Siebel Pab-
lishing Co.. Chicago.

Robach, M.C. and R. L. Stateler. 1980, Inhibition of staphyl-
ococcls aurels by potassiom sorbawe in combination with



£88

sodium chloride, tertiary burylhvdroquinone, butylated
hydroxyanisole or ethylene~dizmine tetra acetic acid. lowrnal
of Food Protection, v. 43(31:208-241

Schwartz, W. C. and K. W. Mandigo. 1976. Effect of salt, so-
dium tripolyphosphate and storage on restructed pork. Jour-
nal of Fond Science, v, 41{6):1266-1269,

SCOGS, 1979, Evalvation of the Heatth Aspects of Sodium
Chlaride and Potassium Chloride as Food Ingredients, Sefect
Committes on GRAS Substances. Life Sciences Research Gf-
fice, Federation of American Sovieties for Fxperimental
Biology, Bethesda, Maryfand.

Scott, W. 1. 1957, In Advanees in Food Research, Vol VII
p. B4, Ed. E. M. Mrak and G. F. Stewart. Academic Press,
New York, N.Y.

Stern, N. L, L. A, Smoor and M. D, Bierson. 1979, Inhibition
ol staphylococcus aureus growrh by combinarions of buotyi-
ated hydroxyanisole, sodium chloride and pH. Journad of
Food Science, v. 43(3):710-7112.

Sixth International Symposium on Salt, 1983~ voi. it

Strong, A. M. 1968. Flavours—their uses and abuses—favour
enhancers. Food Technology in Australia, v.20{12):574-5%4.

Subcommitiee on Review of the GRAS List. 1972 A compre-
hensive survey of mdusiry use of fousd chemicals generally
regarded as safe, National Academy of Sciences. Washington
b.C.

Sugimote, H. 1974, Svnergistic effect of ethanol and so-
dium chloride on autolysis of bhaker’s yeast for preparing
food grade yeast oxiracts, Jourmal of Food Science
v. 3¥{51939-942,

U.S5. Department of Heaith and Human Services. 1981.
Reported in N.C.H.S, Advance Data No. 54, February 27,
Faika, L. L., T. E. Zell, 8. A, Palumbo and 1. L. Smith.
1978, Effect of spices and salt on [ermentatior of Leba-

non bologna-type sausage. Journal of Food Science, v. 43(1):
186-189.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

