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PROCESSING FOOD

In the guessing game, "Animal, vegetable, or mineral?" nearly all foods are
. "Doctorsneedtoknowasmuchaboutfoodsas

animal or vegetable or the two combined. What we eat is other organisms,
* "Doctors need to know as much about foods as some of them-fruits and cereals-still viable. The basic material ofour

foods has an anatomy and a histology. It is made ofcells which contain
* "Each medical school should have an expert on numerous enzymes and biochemical compounds which are the same as or

the blochemistry offoods among their similar to those in the human body. Foods are also inhabited by micro-
preclinical lecturers." organisms. These multiply after slaughter or harvesting and nearly all our

Two recommendations from the International basic foodstuffs deteriorate rapidly because of autolytic decay and microbial
Union of Nutritional Sciences Workshop on activity. Foods can become dangerous because of these unless we treat them
Nutrition Education for Medical Practitioners, in some way. Cereal grains are the major exception. They have a low water
held at the Royal College of Physicians, London, content and normally keep for years when dry at ambient temperatures.
March 1984. The major early civilisations were built on this property, and even today the

only staple foods that are kept in savings banks are the cereals.

Why foods have to be processed or prepared
(1) Foods are preserved so that they can be kept for longer. Preservation

reduces wastage and hence cost. It enables us to eat our favourite foods all
the year round and also enables us to benefit from economies of scale by

Food technology growing large quantities of a food over large areas of suitable land.
Handling after harvest-Foods must be kept at (2) Processing or preparation makes foods safe to eat by destroying

the best temperature, atmosphere, etc, between pathogenic micro-organisms (such as salmonella, clostridia, or fungi) or
the farm and market or factory. natural toxins (such as trypsin inhibitors and goitrogens).

Foodprocessing is treatment of food in a plant or
factory before it is sold in the shop. (3) Processing or preparation improves the attractiveness offood, its
Foodpreparation is treatment of food in the flavour, and its appearance. This is not a frivolous function. Poorly

kitchen, at home, in a catering establishment or prepared food is often the chief complaint of patients in hospitals and
take away shop. It is a wider term than "cooking", nursing homes.
which implies the use of heat.
Bewenac teamet tae oo hs o e toed (4) Processing also provides convenience. In Mrs Beaton's time most

the conditions affect how long it keeps and its women spent their lives working for hours each day in the kitchen. Modern
quality. convenience foods have liberated women in countries like Britain. Much of

the work that used to be done by hand in the Victorian kitchen is now done
by machines, some controlled by computer, in the food processing plant or
factory.

Methods offood preservation and processing
Drying-Traditionally this was sun drying or smoking, but nowadays

tunnel drying, spray drying, and freeze drying produce concentrated forms
Some of the most important processes used for our of the food-for example, milk powder or egg powder. Bacteria, which
foods go back to the stone age. require water, cannot grow and autolytic enzymes are inhibited.

Freezing prevents bacterial growth because bacterial enzyme activity
* The Sumerians had a simple dairy industry, slows then stops as temperature is lowered. In addition, water in the food is

Butter is mentioned several times in the Bible not in an available form.
(egIaiah vii, 15).

Addition ofsalt or sugar is a third way of lowering the "water activity" and
* The ancient Egyptians brewed beer and preventing bacterial growth, just as sugar has recently been shown to reduce

discovered how to make raised bread. Beer has infection in wounds.
been called "liquid bread." Heat is used in several ways. Blanching (1-8 min at 100°C depending on

the food) before freezing and canning inactivates enzymes that would
otherwise continue autolysis of the food. Pasteurisation ofmilk (72°C for 15
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Fresh or processed?
Nutrients in wholemeal (100%)flour and white (72%) wheat
flour

Nutrients Wholemeal White

EnergykJ(kcal) 76 (318) 81 (337)
Protein(g) 13 2 11 8
Fat(g) 2-0 1-2
Dietaryfibre(g) 9-6 3-0
Calcium (mg) 54* 105*
Total phosporus (mg) 340 130
Phytate phosporus (mg) 240 30
Thiamin(mg) 0-46 0 10
Riboflavin (mg) 0 08 0-03
Niacin(mg) 5 6 0-7
VitaminB6(mg) 0 50 0-15
Total folate ([tg) 57 31
Vitamin E (mg) 1 0 trace
Iron (mg) 4-0 1i5
Zinc (mg) 3-0 0 9

* As fortified in the UK.

Food additives

EEC code number for food additives on labels
(some examples):

Preservatives
Benzoic acid E210
Propionic acid E280
Sorbic acid E200
Na metabisulphite E223

Antioxidants
Butylated hydroxy anisole E320
Butylated hydroxy toluene E321
Propyl gallate E310
Tocopherols E306-309

Emulsifiers
Monoglycerides and diglycerides

offatty acids E471
Lecithins E322

seconds) destroys pathogenic organisms but not others. Cooking destroys
all or nearly all organisms (except spore formers depending on conditions).
Sterilisation ofcanned and other sealed foods is performed by subjecting
the food to a high temperature with or without pressure.

Ionising radiation is a new technique useful for sterilising spices (whose
flavour would change on heating). It can double or treble the shelf life of
strawberries and mushrooms and inhibit sprouting of potatoes.

Refrigeration does not destroy micro-organisms but those present cannot
multiply or do so only slowly; it also slows autolysis by enzymes in the food.

Fermentation produces acid or ethanol, or both, which inhibit pathogenic
and spoilage organisms.

Chemicalpreservatives-Benzoic acid, propionic acid, and sorbic acid,
naturally present in cranberries, Swiss cheese, and rowanberries,
respectively, are added to certain specified foods in controlled amounts to
prevent bacterial growth. Sodium metabisulphite, which liberates sulphur
dioxide in the food, is used for the same purpose.
Packaging-Once a food has been heat sterilised reinfection is prevented

by sealing it in a can or airtight plastic bag or multilayer paper or plastic
carton. Packaging ofunsterilised food, while not preventing bacterial
growth, reduces contamination and prevents loss ofwater through
evaporation, etc.

Separation methods-Unlike the methods above these are not used to
preserve foods. Milling produces different fractions of cereal flours.
Pressing produces oils from oil seeds and juice from fruit.

Most "fresh" fruit in the greengrocers comes from overseas or has been
stored for weeks or months. "Fresh" vegetables too, though mostly home
grown, are often stored. Bananas are picked in the tropics before they are

ripe, shipped and stored at a controlled even temperature (> 13C), and
ripened by exposure to ethylene gas (which is given offnaturally by ripening
fruit). Oranges are picked ripe, shipped, and stored at a lower temperature
(3°C) in dry air with a raised carbon dioxide level. The skins have to be
protected from mould infection, for example, by wrapping with chemically
impregnated paper. Although these fruits have been in artificial
environments, they are intact and alive and their cells are absorbing oxygen
and producing carbon dioxide.

Likewise, it is worth money to understand what factors determine
tenderness and flavour in meat. There is a specialty ofmeat science, which
shares some ofthe histological and biochemical knowledge used by
clinicians who specialise in muscular diseases. ' Before slaughter animals
should have adequate muscle glycogen. This is converted to lactic acid,
which acts as a weak preservative. Fresh meat is tough because of rigor
mortis. This disperses during hanging in a controlled temperature of
-1 4°C-that is, chilled not frozen.

Salt, vinegar, nitrates, and sugar have been used for centuries and are still
among the most used food preservatives today. Hops are a traditional
preservative for beer. Many ofhistory's great voyages ofexploration were
made in search offood additives. Marco Polo journeyed to the East to obtain
exotic spices. Cortez brought back vanilla from the Aztecs.

Preservatives are permitted in specified foods at concentrations up to a
maximum-for example, nitrates in bacon and ham, sulphur dioxide in
dried fruit, propionic acid in cakes.

Antioxidants are used to prevent the slow oxidation of oils and fats by
atmospheric oxygen and development of rancidity. Concentrations and
types in different foods are regulated.

Emulsifiers keep oil and aqueous phase together in sauces. Lecithin is an
example.

Humectants prevent foods from drying out. Glycerol is an example.
Food acids are acids that occur naturally. They are used for flavour or for

technical reasons-for example, to make pectin set-and can also act as
preservatives.

* Wine was part of the way of life of the ancient
Greeks. Wine and raisins (another very old
food) are two different ways ofpreserving the
energy ofgrapes in palatable forms.

* Salted pork-forerunner ofour ham and
bacon-was a common meat for the ancient
Greeks.

* Cheese is mentioned in the Bible (eg, II Samuel
xvii, 29). It is a remarkable method for
preserving the calories, calcium and other
nutrients of milk.

* Jam, another way ofpreserving fruit, was being
made long before the Industrial Revolution.
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Free running agents prevent caking or sticking.
Thickeners may be vegetable gums, cellulose derivatives, or starch

derivatives.
Nutritional supplements are now given by name on the label. A number of

foods are fortified or enriched with nutrients-for example, margarine
includes vitamins A and D, flour and bread and some breakfast cereals
contain some B vitamins, and textured vegetable proteins contain vitamin
B-12.

Colours-Only a few colours are permitted in the European Economic
Community. Halfofthem are natural-for example, beetroot red, carbon
black, chlorophyll, and various carotenoids. Synthetic colours are a short
list mostly ofazo dyes, but erythrosine is an iodine compound.
Miscellaneous-Other additives include enzymes like rennin, bleaching

agents, firming agents, antifoaming agents, phospates, surfactants,
propellants for aerosol food containers, and air excluders.
Flavours-The Council ofEurope has listed over 2000 flavouring

substances which may be added to foods, normally in minute quantities and
without hazard to public health. The names ofindividual flavours are not
declared on labels and they are not included in the E code, but use of
flavourings is included among the ingredients. Flavour recipes in foods are
trade secrets. Most flavours are naturally derived by distilling or extracting
the essential oils. Others are synthetic but chemically identical with one of
the characteristic flavour compounds that have been identified in
foods-for example, citral, the chiefflavour ingredient oflemon oil. A small
but growing group of artificial (non-caloric) sweeteners are permitted in
foods in Britain: saccharin and aspartame.

Contaminants

Unintentional additives can get into foods somewhere along the chain
from farm to plate. Examples are pesticides, other farm chemicals, drugs,
heavy metals (lead, cadmium, mercury, and arsenic), industrial
chemicals-for example, polycyclic aromatic hydrocarbons and
polychlorinated biphenyls, atmospheric and water pollutants,
radioisotopes, and phthalate plasticisers. Foods are monitored for most of
these by government agencies, such as the Ministry ofAgriculture,
Fisheries, and Foods.

Are our foods safe?

Potentially toxic substances in foods

Natural
Inherent, naturally occurring

Toxin resulting from abnormal
conditions ofanimal or plant used for
food
Consumer abnormally sensitive

Contamination by pathogenic
bacteria

Mycotoxins

Manmade
Unintentional additives-manmade
chemicals used in agriculture and
animal husbandry
Environmental pollution

Intentional food additives:
preservatives, emulsifiers, flavours,
colours, etc

Usually present in the food and affects
everyone if they eat enough, eg
solanine in potatoes.

Eg neurotoxic mussel poisoning;
honey from bees feeding on
rhododendron nectar.

Eg coeliac disease from wheat gluten;
allergy to particular food; or drug
induced, eg cheese reaction.
Acute illness, usually gastrointestinal,
eg toxins produced by Staphylococcus
aureus or Clostridium botulinum (food
may not appear spoiled).
Food mouldy or spoiled, eg aflatoxin
B1 fromAspergillusflavus is a liver
carcinogen.

Eg, fungicides on grain, insecticides
on fruit, antibiotics or hormones
given to animals.

Eg, organic mercury, cadmium, PCB
and radioactive fall out can affect any
stage offood chain.
The most thoroughly tested and
monitored ofall chemicals in food.

Britain had the first food safety legislation in the
world, the Sale ofFood and Drugs Act 1875; this
and subsequent acts have been replaced by the Food
Act 1984. An expert committee advises the Minister
ofAgriculture, Fisheries, and Foods and the DHSS:
the Food Advisory Committee. Its reports are

distributed for comments by industry, consumers,
and scientists and then may be developed into
regulations under the Act.
These expert committees are in regular informal

communication with the EEC Scientific Committee
for Food, the Joint FAO/WHO Expert Committee
on Food Additives, and food toxicologists round the
world.

Deliberate food additives are not intrinsically
toxic substances. They have been tested in several
animal species and are continuously kept under
review by food toxicologists.

Humectants
Glycerol E422
Sorbitol E420

Food acids
Acetic acid E260
Citric acid E330
Malic acid E296

Free running agents
Calcium hydroxy

phosphate E341
Magnesium carbonate E504

Thickeners
Guar gum E412
Locust bean gum E410
Pectin E440
Carboxymethyl-

cullulose E466

Colours-natural
Beetroot red E162
Carbon black E153
Chlorophyll E140
ji carotenc E 160(a)

Colours-synthetic
Tartrazine E 102
Amaranth E123
Erythrosine E127

Flavour enhancers
Monosodium glutamate E621
Sodium inosinate E631
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Losses ofnutrients

Percentage retention ofvitamin C in peas after differeni

Fresh Frozen
- Blanching 75

Freezing 75
Thawing 71

Cooking 44 Cooking 39

After Mapson LW. Recent research on vitamins. Effect ofproc
content offoods. BrMedBull 1956;12:73.

Canned
Blanching 70
Canning 63

Heating 36

Amounts permitted in foods are such that the maximum intake does not
exceed the acceptable daily intake (usually 1/100, the highest level that has
no effect in animal tests). Toxicological tests have not so far systematically
examined the chances ofhypersensitivity reactions in man, and such
reactions to tartrazine, sulphur dioxide, and monosodium glutamate are

described in another ABC.
Sir Richard Doll estimates that while various components in the diet

account for around 35% ofdeaths from cancer, food additives account for
1%. There is a greater potential risk to health from other substances in
foods.

Some losses ofnutrients occur during food processing but they are

qualitatively and quantitatively similar to the losses that happen in domestic
cooking. Most processes in the food factory are scaled up versions ofone or

other home recipe. Factory processes are standardised and controlled but
home cooking varies from excellent to bad. Nutrient losses are roughly
predictable and can easily be measured by analysis at different stages.
Two vitamins are more unstable than the others when heated, vitamin C

and folate, but while the vitamin C lasts better in acid medium, folate does
not. Thiamin (vitamin B,) is moderately unstable when heated. Riboflavin
decomposes in ultraviolet light. Water soluble vitamins dissolve into the
cooking water and the more water used the more vitamins can be wasted.
Mineral nutrients are stable but can also be washed out iflarge amounts of
cooking water are used. Lysine, the limiting amino acid in cereals, is the
most unstable of the essential amino acids. The golden crust ofbread is
coloured by a complex of sugars and lysine which becomes biologically
unavailable. There is some loss oflinoleic acid in oils when they are reused
for frying, especially at high temperatures.

Losses ofvitamin C are worth considering in detail.
The factors which cause the oxidative breakdown of

t stages vitamin C are tissue damage (which liberates

Air dried ascorbic acid oxidase) by bruising or freezing of
Blanching 75 leafy vegetables, heating in alkaline water-for
Drying 45 example, with sodium bicarbonate added-contact

with copper, and leaching into the processing or
Cooking 25 cooking water. Moderate losses occur between

-essing on the vitamin harvesting and cooking fresh vegetables and when a
bottle of fruit juice is opened and kept at room
temperature. There is little difference in losses of

Effect of solutions Effect of exposure to Cooking losses

Acid Neutral Alkaline Oxygen Light Heat (% range)

Vitamins
VitaminA U S S U U U 0- 40
VitaminD S U U U U 0- 40
VitaminE S S S U U U 0- 55
Thiamin S U U U S U 0- 80
Riboflavin S S U S U U 0- 60
Niacin S S S S S S 0- 50
Folate U U S U U U 0- 80
VitaminC S U U U U U 0-100

Amino acids
Leucine, isoleucine, ]

methionine, valine, S S S S S S 0- 10
and phenylalanine J

Lysine S S S S S U 0- 40
Tryptophan U S S S U S 0- 15
Threonine U S U S S U 0- 20
Mineral salts S S S S S S 0- 3

U Unstable, S= Stable. Based on Harris RS, Karmas E. Nutritional evaluation offood processing. 2nd ed. Westport, Connecticut: Avi, 1975.

Testing food additives
* Acute toxicity is tested in at least 3 species in

male and female animals
* Distribution ofthe compound in the body and

its metabolism are studied
* Short-term feeding trials are done on at least 2

species ofanimal (one non-rodent)
* Long-term toxicity is assessed in at least one

metabolically appropriate animal species
* Reproduction studies involve giving the
compound to experimental animals over at least
2 generations

* Mutagenicity (in bacteria) and carcinogenicity
(in tissue culture) are tested for

* Observations in man are reviewed
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Vitamin C (mg)
620 Peas,fresh raw 25

(15-35)
621 boiled 15
622 frozen raw 17
623 boiled 13
624 canned garden 8
625 processed Trace

Perspective

Last century cows were kept in towns
because there was no way ofpreventing milk
from souring. To provide the milk, cheese,
yoghurt, and cream for the people ofLondon
about 0 5 million cows are needed. They in
turn each need about 7 acres of farm land to
feed them through the year. From these 3 5
million acres scattered across the south of
England fresh milk is pooled, transported,
pasteurised, bottled, and distributed or
processed in other ways. Other
foods-fruits, meat, fish in Britain-may
come from halfway around the world. This
complex movement and distribution offoods
would be impossible without food
processing.

vitamin C between three methods ofcooking: boiling, microwave, and
pressure cooking. The less water used the less vitamin is thrown away in the
water. There are substantial losses of vitamin C when cooked vegetables are
kept warm before they are served or refrigerated until the next day.
On average losses ofvitamin C in cooking may be taken as 700/o-that is,

30/O retention-in leafy vegetables and 40% in root vegetables. Food tables
usually give values for cooked vegetables which allow for this as well as for
raw.

Extract from Paul AA, Southgate DAT. The Composition ofFoods. HMSO.

(1) Some loss of nutrients is inevitable in food processing, but for most
nutrients losses are small.

(2) Manufacturing losses, when they occur, are often in place of similar
losses through cooking at home.

(3) The importance of the losses in a particular food has to be considered
in relation to the whole diet. If a food makes only a small contribution to the
intake ofnutrients processing losses are not of practical importance. On
the other hand, changes in any food which makes a major contribution to
nutrient supply-for example, milk for babies and cereals in some
adults-need continued vigilance.

(4) There are some beneficial effects: destruction of trypsin inhibitor in
legumes and liberation ofbound niacin in cereals.

(5) Other advantages of food processing are protection from pathogenic
organisms, better flavour, and cheaper price. Often the ultimate choice is
between dried, canned, or frozen peas (say) in late winter or no peas at all.

1 Lawrie RA. MeatScience 4th ed. Oxford: Pergammon, 1985.

Professor A Stewart Truswell, FRCP, FFCM, is Boden professor of human nutrition,
University of Sydney, and Dr Jennie Brand, BSC (Food Tech), PHD, is lecturer in the Human
Nutrition Unit and School of Public Health, University of Sydney, Australia.
We thank K J Dale of the Ministry of Agriculture, Fisheries, and Foods for his helpful

comments.

A woman who was treated with steroids for an attack ofacute asthma developed
steroid psychosis that lasted for three days. What treatment is advised for future
attacks ofacute asthma?

Generally speaking psychological difficulties during steroid treatment are
more likely to be related to the patient's own personality. It is not possible to
predict which patients may develop psychological difficulties, many of
which are minor. In the questioner's example it may be that the actual
disturbance of going into hospital was the major factor in producing
psychosis during steroid treatment. In acute severe asthma it may be difficult
or impossible to control the condition without steroids and even the
occurrence of a psychosis would not be a reason to withhold steroids in what
is often a life threatening condition. Clearly it is important that the general
control of an asthmatic's condition should be optimum and preferably under
the care of a team of physicians in whom the patient has confidence and
where critical observation and cooperation will promptly show evidence of
deterioration. Every effort should be made by good regular control of the
asthma to avoid, so far as possible, the need to use the most energetic
methods often necessary in severe attacks. Inhaled steroids-including, in
the more severe cases, Becloforte-may ifgiven early enough avoid the use of
other steroid preparations. When all other measures are inadequate steroids
in the form of prednisolone after intravenous hydrocortisone is probably the
treatment of choice. It is quite reasonable, with a good service, to adminster
a reducing course of oral steroids at home when there is real evidence of
deterioration. Sensible provisions include precise instructions to the patient
and a relative, if possible, and easy and rapid access to a competent service.
If, however, the attack is truly severe it would always be essential to admit
the patient to hospital, even when previous psychosis had occurred. The
patient's safety must be the first consideration, and there is no certainty that
psychosis would occur again. Even if psychosis recurs it is likely to resolve
reasonably quickly with expedient reduction of steroids. When psychosis
has previously occurred during treatment it would be wise to discuss

provisional management with a psychiatrist so that prompt action may be
taken to relieve the disorder.-G W POOLE, consultant respiratory physician,
London.

Is there likely to be any complication from drinking diluted lemon squash as a
regular beverage-that is, six to eight cups daily (hot or cold)?

In all probability, no. The question, however, raises some issues that need to
be considered. Firstly, the matter of the actual beverage-a fruit squash
must contain a minimum of 25% citrus juice by volume' and, unless it is a
low energy product, six to eight cups will provide a significant intake of
energy in the form of carbohydrate, as either sucrose and glucose syrup or a
mixture of the two (a typical squash may contain around 25% sugars and a
semisweet one around half this quantity in the undiluted squash).' 2 The
squashes may contain some natural vitamin C, and some contain the added
vitamin, but the amount varies between brands and according to the
conditions under which the squash is stored. For example, storage of a half
empty bottle results in a steady loss of the vitamin.3 A range of additives,
colours, flavourings, and organic acids are permitted, as are preservatives.
Those allowed are sulphur dioxide (E220), benzoates (E210, E218, E214,
E216), or sorbic acid (E200), so that a person sensitive to these substances
should read the labels carefully.' Nevertheless, anyone who makes a regular
habit of consuming a squash is presumably not among the minority sensitive
to one or other of these preservatives. The squashes are moderately acidic
and so any degree of constant exposure of the teeth of a young infant or child
to these beverages is not wise.-D A T SOUTHGATE, head, nutrition and food
quality division, Food Research Institute, Norwich.

I SoftDrinks Regulations(1976). SI 1510. London: HMSO, 1976.
2 Food Labelling Regulations (1980). SI 1849. London: HMSO, 1980.
3 Paul AA, Southgate DAT. McCance & Widdowson's the composition offoods. London: HMSO,

1978.
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