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PAG GUIDELINE FOR HUMAN TI'STING OF SUPPLEMENTARY FOOD MIXTURESS
{(Incorporating thc modifications suggested during tbe WHO Consultat.on
on human testing of protein-rich foods, Geneva, 9w11 March 1970)

1, Applicability of the guideline

lests for safety and suitability for human consumption, especially for feeding of infanis
and children, are essential 1n the developmeni of protein-rich foods. When commonly used
foods are newly prozessed to supply protein in a fecod mixture or when materials, not so far
used as human fcod, are to be used as protein sources in a new food product, 1t 1s essential
that certain prelimirary sieps be taken before human testing of the product, Some of these
steps are outlined in PAG Guidel.ne No, 6,2 for pre=clinical testing of novel sources of
pratcin,

Some prelaminary steps are*

{a) Identification of the source of edible protein, the quantity available, and economic
study of 1ts devclopm-nt,

(b) Chemical evalualion of 1he guantity and ynality of protein, 1I not alrcady hnown, in
each of the component foodsiuafl, from which .rotein—-rich food mixtures are to he made

(c) Determination of the proportions ol various componcnts in the proposed mixture based on
consideralions of nutritioral or other relevant factors, An evaluation of the probable price
of the final product would be cesirable at this stage, taking inte account the costs of raw
materials, process g, necessdar v packaging, storage conditions, shelf-life, commercialirzation,
normal profits and all other c¢lewents which enter into the operation

(d) Measuremeni- cnemically and biologically, of the nutritive value of the mixture and
evaluation of damage to protein or loss of nutrients available as a result of processing which
may be necessary for industrial production, or consumption

(e) Assurance that 1t 1s free of harmful micro-organisms

(f) Tests 1ndicating freedom from toxicity of the product and 1ts components, Such toxicity
may be due to the presence of intentional additives, of toxic substances naturally occurring

or arising from mould infestat.on, or through the use of pesticides and fungicides, Qualita~
tive and quaniiiative tests for detcrmination of these compounds may be necessary, d4s well as
animal tests for decermination of acute and sub-acute toxicity The rules specified by the
Food and Drugz Administration, #ashington, D € , Unzted States of America, for acceptance of
additives to common foods provide useful guldellnes.3 These include among others, full acuie
and chronlc tnxlclty trialsa.

It 1s only when these steps have been satisfactorily accomplished that human tests should
bhe considered. It 15 imperative, therefore, that all the requirements mentioned above be
fully satisfied beiore planning an undertaking which will involve human subjects,

While there 1s no question as to the need for the clinical testing of really new sources
of protein or of the consegucuces of new ways of processing protein concentrates, there is
real danger that excessive and unnecessary testing of minor variations in the formulae using
previously tested ingredients or processes could needlessly hamper progress in this field.

It 1s therefore suggested that;

2 For the document i1ssucd by the PAG in 1966 on the same question see reference No. 1 at

the end of the annex
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1) Proteins and processed protein concentrates previcusly not considered in the
WHO/FAD/LNICEF programmes, or products previously considered but manufactured by new
processes or by major changes in established processcs, especially 1f these changes in
processing ralse any suspicions as to nutiitional or toxicolegical properties of the
product, must pass testing procedures of the type recommended in the proceedings of the
Princeton.Conference on Human protein requirements ond their fulfillment in practice,

(11) Mixtures of well-known staples and protein sources which have already recesved
favourable considceration should be accepted without insistence on clinical testing heyond
acceptabilily and tolerance trials i1f there i1s no further processing which could cast a
doubt on their safety. It would be advisable, however, Lo asccrtiain by animal experi-
mentlation, the nutritiondl value of the final product (PER or NPU).

{111} In case of severe o1 unconventional processing of mixtures even of well-known staples
and protein sources the products should be accepted for tests 1n man only ~fier they have
satisfied the necessary laboratory analysis and animal testing for protcin quafity,
Clinical testing, although not mandatory in this case, may be helpful in ascertaining
the valuc of some of these food mixtures in children's supplementary feeding,

Understanding of the technological sieps involved in the processing will help to decide
in which of these categories a food mixture shouid be classified.

2. Caleporres of tests

Human tcsting, as these obscrvations will be termed, will fall into four main calegories
as follows,

(1) acceptability and tolerance tests,
(2) growth tests,

(3) nitrogen balance measurements,

(4) other criteria,

The aciual type of tests to be carried out will be determined hy considerations mentioned

below, Careful clinical observations will, of course, bhe concurrent in all studies, One
.requisite 1s common to all, and that 1s full satisfactory information on 1tems {(a) to (e)
Ve,

2.1 Preliminary acceptabilitv and tglerance tests

It 15 possible that the foodstuffs from which a protein-rich food mixture 1s made have
been individually in use as human food in one or more parts of the world. Processing of
mixlures on an itndustrial scale, however, may affect not only their suitabilatyv for the groups
for which they aie intended, but also their palatability and acceptahility Therefors, 1t
may be necessary to determine the tolerance to ithe dosage level recommended for contributing
significanily to protein needs, Under such conditions, "acceptability and tolerance” tests
are indicated These tests should be carried out i1n an institution or i1n a closely cbserved
sample of the population. If 1t 1s decided to have several such tests for a given product,
at least one of them should take place in the country in which 1t 1is intended to introduce
the protein—-i1ach food mixture,

A dangcr to be avoided 1s that persons evaluating the food supplement may be swayed bv
their own "acceptability' criteria to influence the reaction of the recipient to the detriment
of uscful supplements Even young infants sense the emotional reactior of the mothcr or of
other persons feeding them and nay respond psychically by rejecting the food,
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M1ld disease processes, particularly infections, tend to reduce appetite and produce mild
to moderate gastro-intestinal upsets, which could be iniLerpreted as poor tolerance and accepta—
bility. Because of these factors, 1t 1¢ suggested that a simultaneous negative control be
run in these trials, Sequential periods with and without the test food may alsc be useful
The total volume fed, the timing of the meals and the total intake should be kept consistent.
If possible, test and control groups should he of similar age as well as have similar weights
for their heights,

2,1,1 Number

Depending on the consistency of the results the number will vary. In any case, it 1s
suggesied that no less than 20, and preferably closer to 30, individuals be tested,

2.1 2 Age

The sample testcd should consist of individuals of the age or ages for which the product
1s intended

2.1.3 Duration of feeding and ohservation

Occasionally upon the i1ntroduction of a new type of food a shoit period of apparent
intole~ance may occur, which 1s overcome 1n itwo or threc days, If the diet 1s going to be
unacceptable because of a tiring or boring taste, this 1s generally noted within the first
weeks of the feeding trials It is therefore suggested that a period of at least four weeks
be used before the clinical evaluation of protein quality or more extended tolerance tests
are planned

2.1 4 Method of preparation

This should be either 1n the form of a suitably flavoured giuel or incorporated into a
local recipe,

2.1 5 Level of protein feeding

That needed to supplement the diet to the levels recommended by the FAO/WHO 1eport on
protein requirements,” or preferably to cover more than 50 per cent, of the requircments of
97 per cent. of the populatiion tested, An additional group fed the mater:ial ad libitum w1il
provide information on maximum guantities acceptable per meal in the form supplied,

2,1.6 Level of caloric intake

Should be sufficient to maintain constant weight in adults or adequate weight gain ain
chlldren.6

2,1,7 Observations to be made

Children should be left to feed themselves or should be helped by an attendant, but in
this case care should be taken not to force the food on the child,

Refusal to eat the preparation i1s considered an indicator of poor palatability, provided
that the trials take into careful consideration all of the potential interfering factors in
this type of study, Even 1f acceptability is unsatisfactory as first tested, 1t may be
possible to find an acceptable form of preparation by trial and error. This should be such
as 1s practicable i1n homes and urnider conditions for which the food mixture 1s recommended.

Tolerance 1s Judged by noting persistent gastro—intestinal upsets, such as loss of
appetite, flatulence, vomiting, particularly delayed vomiting, undigested stool contents,
diarrhoea or intestinal hurry. Where legumes are involved, 1t 1s important to note the
extent of bloating and flatus production.
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Other c¢linical mamifestations such as allergic reactions should also he recorded i1f mani-
fested. )

Large-scale, three tc six months, acceptability and markeiing trials in sclected future
consumer groups should be started as soon as possible after this step Careful corsideration
should be given to the statistical design and evaluation of these trials.

When protein-rich fooas are introduced to the family, observations should include the
resaction of mothers to the products, It should be explained to them that although the food
will contribute to the nutrition of all the members of the family, 1t has been plepared in a
form which 1s of special value for the health and develooment of infants and young childicen

2.2 Growth tests

The principal methods used tor the evaluation of proiein guality in man are measurcment
of growth and of natrogen balance, These represent alternate approaches, which 11131 be
selected depends upon many factors, such as the type of subject to be studied, the local

drtions, the facilities and personnel available It 1s desairable but not essential that

y be done in the country of intcnded use, Complementary 1nformation may also be obtained
o7 various types of measurements of bhlood chcmistry and liver function, Both growth tsals
and nitrogen balance techniques should be cariied out only i1n centres specialized in nuizition
or allied (Cisciplines. The use of iolerance and acceptability experiments to evaluate the
effect on growth should be discouraged.

2,2.1 Growth

Trials i1n which growth 1s mcasured may be planned 1n many ways, aepending upon the nature
and age of the subjects to be studied, and the circumstances in each cadse. Therefore, only
very broad guidelines can be laid down, Fvery trial should be planned on a sound stetistical
basis, so that the results can be accurately evaluated, Ideally, a closely matched control
group should be studired.

2,2 2 Observations which may be made

The most commonly used imdex of growth 1s the rate of gain in body weight. Evaluation
of prolein value from the change in weight over a specified period on a given protein intake
1s analogous to the measurement of PEP 1n animals, ard 1s subjoct to the same criticisns,

*t welght gain may not 1oflect accurately the change in lean body mass This difficulty

k. be circumvented in part by measurement of lhe urinhaiy crecatinine output over a timed
period, since 1t 1s accepted that this provides an index of muscle mass Measurement of
height or body length 1s of even greater signifircance, particularly in older children, because
height 1s usually less variable ihan weight, However, since height i1ncreases more slouwly,
the measurcments have to be made over a fairly long period. Supplementary information can
be obtained by serial X-ray fiims of bone maturation and cortical thickness. The investigator
should not neglect general observations such as the character of stools, amount of flatus,
occurrence of allergic and other undesirable 1§sponses and genciral acceptability to mother and
child,

2.2,3 Age and type of subjects

Since growth 1s faster and proiein requiiements are higher, the earlier the age, Lhe
greater are the advaniages in using infants and joung children, rather than older chaldren,
for measurements of protein quality, The ¢hildren should be as normal as possible. F'ach
investigator should determine the populations suitable for growih studies, but 1t 1s 1ecommended
that children who are frankly retarded in growth should not be studicd hecause of great varia=
bilities 1n responses. It 15 suggestied that all children should be above lhe third percentile
in height and should have weight for height above 95 per cent, of i1deal, based on siandards
for well-nourished chilaren such as those which have been published, inter alia, in Western
Europe and the United States of America,
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In testing a new protein, 3t 1s important to find out which 1s the lower age at which the
protein supports adequate growth Consequenitly the age will vary, depending on the results
obtained from the i1nitial texts. Weaning foods should be tried farst in childien six months
to one year, Special infant foods should be tested in younger infants.

2 2.4 Duration

The duration of the trial must depend upon the extent to which constant conditions can
be achieved, With infants aged about one year, under close supervision 1n a hospital ward,
a reasonably accurate measurement of growth rste can be obtained by daily welghing over a
period of three to four weeks %i1th somewhat older children, again under well-controlled
conditions, e g 1n an orphanage, three to six months are necessary. Day care centres,
orphanages and canvalescent hospitals for children are likely to be convenient for such
studies, It has been obscrved that children do not gain appreciable weight during the hottest
menths of the year, when temperatures rcach 38°-40°C, so thal short—tcrm trials in such an
environment should be avoided during these months. Similarly, epidemics of any infectious
disease are likely to invalidate trials

2,2.5 Numhb¢1 of suhjects

This will depend oa the age and co=operativencess of the subjects, the duration of the
trial, the extcnt to which ainfections and oiher interfering factors can be eliminated, and the
adequacy of the controls, Valuable infoimration may he obtained from as few as five infants
per group in a well=contiolled study 1n an institution.

2,2.6 Frequency of observataions

In general, the greater the number of sc¢rial observations, the fewer the subjects requared,
and the shorter the necessary duration of the trial In studies on infants under hospital
conditions, weights should be measured cvery day. In older children, weights should be
measured at least every one to two weeks In i1nfants length should be measurcd bi=weekly,
but 1n older children height measurements at intervals of one to three months will be enough.

2,2,7 Level of feeding

The trial will not be a true test of protein value 1f other elements in the diet are
limiting. The diet must therefore supply adequate intake of calories (from fat and carbo-
hydrates), and of vitamins and minerals

The total protein intake should at least conform to the recommended allowances of FACQ/WHO.
The extent to which 1t may be higher than (his depends upon the purposes of the trial — wheiher
it 18 to determine the effect upon growth of a given protein supplement, or whether it 1s to
find the minimum amount of a protein mixture which vi1ll support normal g:owth.

In general, the test protein should be the sole source of protein in the diet, for some
special purposes 1t may be provided as a supplement to a natural diet. The control group
should receive milk or egg as the source of protein with levels of protein and calories adjusted
to be comparable.

2,3 Nitrogen balance measurements

’

The measurement of nitrogen balance in man 1s comparable to that of NPU in experimental
animals,
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2 3.1 Conditions

Staff and facilities must be adequate for the precise control of food intake, minimizing
of cross-infections, complete collection of urine and faeces, and the necessary biochemical
analyses. Experienced full-time personncl dedicated Lo the work are required for preparing
and weighing the diets and giving close and continuous supervision to the subjects, Because
of the constant and monotonous diets, special shill 15 nceded to ensure that the intake 1s
maintained throughout the period of observation,

2 3.2 Subjccts

Measur emert of N balance may be made on adult%, children or infants, There are advantages
1n using as test subjecis infants who are fully rc¢covercd from malnutrition, mainly because
of thear being accustomrd to metabolic techniques Acutely and severcly depletlted subjects,

as well as c(hildren recovering from maeainutrition, are not suitable for such studies because
another variable 1s introduced which complicates the interpretation of the results, It 1s
also extremely important thai the subjecls have no infection., Even mild infections inducc a
stress response which incrcases urinary nitrogen loss

Most malnourished infants are not likely to 1cach a stage at which the tesis can usefully
he done until they have received optimum treatment for one to two months, Complete nutritional
recovery must be cstimatcd not only by normal weizht for height and serum and nlood birochemis—
tries but also by adeguate lean body mass for height, {(refer to 2 4 3), It 1s difficult to
specify an exact age range for such irsts, Children six to thirty—-six months are convenient
subjects, but this does not exclude children outside this age range. In any case 1t 1s
essential that ibe groups be carefullv matched, his 1s neccessary because with recovery from
depletion nitrozen retention tends to fall The best plan 1s Lo usce each subject as his own
control, with consecutive tests on conirol and experimental diets, Because the subjects may
vary 1n degrce of depletion as the tests go on, the cider of feeding should be varied,

2.3 3 Food

2.3.,3 1 Calories, water, vitamins and mincrals

The calories supplied must be equal in all balance neriods (test and control) which are
being compared, and should meet the level reccommended by FAO/WHO 6 The proportion of fat to
carbohydrate and the nature of the fat must be similar i1n groups which are being compared.
ghtcr, vitamins and minerals, including potassium and phosphorus, should also be fed in adequate

P constant amounts

2132 Protein level

For tests of protein value the protein must be (cd al a level or levels on the linear
part of the curve of the nitrogen balance index. 8 This curve remains linear for some way
into the region of positive nitrogen balance, In tesis on human infants, 1t 1s undesirable
to feced at maintenance level only, It 1= necessdary to choosc a lcvel above maintenance that
1s enough to allow reasonable nitrogen retention and growilh, but not so high that the efficiency
of nitrogen utilication falis ¢ ff so much that differences in biclogical value disappear.

It has been shown9 that in rnfants of about one vear the average requirement for maintenance
1s 100 mg N/kg/day (in terms of cow’s mi1lk protein), and that almost all balances are positive
at an intake of 130 mg N/kg/day. From iLhe evidence available 1t seems that the total obli=
katory loss of urine and faecces per kg of body weight 1s only slightly higher in infants than
in adults, It s recommended that for measurements of protein value the intake should not
bxceed an upper level of WO mg N (1,e, slightly less then 2 g protein) per kg per day, If
he clinical condition of thz child jgustifies fecding at lover levels, e.g, 1-1.5 g proteln/
g/day, diffeience 1n proteln value will be shown still more clearly,
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A test at one level witmin the limits just specified is adequate 1f the sole concern 1s
the measurement of protein qualaty. However, a further practical question may arise: can a
food which has a poor protein value produce adequate retention and growvth 1f fed at a higher
level, e.g. 3 g prot61n/kg7 To answer this qguestiion, tests must obviously be made at what-
ever level 1s indicated by the measurement of biological value, but 1t should be clearly
recognized that tests at such high levels are not reliable measures of protein quality,

2 3.4 Adaptation period

The number of days rcequired for initial adaptation depends upon the age of the child and
the magnitude of the change i1n quantity and quality of protein from that of the preceding
diet. In i1nfants a threc-day adaptation period 1s generally sufficient, but in older children
and adults five days or more may be needed The individual investigator should provide
evidence that the adaptation period used under his conditions 1s adequale Subjects receoverling
trom an infection may need one 1o two weeks beforc the nitrogen excretion 1s stabilized

2 3,5 Length of balance period

Collcctions should be obtained for a minimum of six days, Two three~-day periods or, »f
defaccations are sufficiently frequent, thiee two-day periods reprcsent a minimum study
Where circumsiances pcimil, balances can be conducted over a period of twg to three months in
such a way that six to ninc bhalance periods of six days each may be obtained 1n a single child,

2,3,6 Digestibility

In boys, separatce collection of arine and faeces will make possible measurement of
apparent digestiibilaity as well as of apparent hiological value With many vegetable proteins
digestibailaiiy 1s low, and the measurement of 11 1s therefore 1mportant. In garls, even 1f
faeces and urine cannot be adequately separated, 1t 1s still possible to measure the net
protein uiilization {(NPU),

It 1s not generally necessary to measure the basal or "endogenous" urinary and faecal
nitrogen loss, in order to estimate the true digestibility and biological value, For
practical purposes 1t 1s probably accurate enough to use the figures publlshed.10 It xs
amportant, however, that the calculated N intake be verified by actual analyses of aliquots,
since values from food composition tables do not give a sufficiently reliable estimate for
the purpose,

2.3 7 Necessary precautions

In summary, nitrogen balance measurements will be useful, reliable and reproducible 1f
the following precautions ave observed,

(1) Calorie intake per kg i1s adequate and constant.

(2) Protein intake per kg 1s khepi constant within a single trial.
(3) There are no complicating vitamin or mineral deficiencies.
{4) Water intake is controlled and excessive sweat loss avoided,
(5) No infectzons, even of seemingly mild degree, are present,

(8) Subjects are reasonably content and not psvchologically disturbed



suhjects axe 1n an adequate state of nutrition and receiving protein levels which
wtvimination ol protein qualaty,

-quate adjustment periods are used
ai times dre standardized both between and within treaiments,

riod(s’) on the same diet are long enough to determine trends as wecll as the initiral
o dietary change,

wd antale and collections of urine and faeces are obtained and measured accurately,

hWep criteria

~

o albumin

Jhiidren recovering from malnutrition, changes in albumin concentration may give a
1calron of protein qualaty, Measurements should be made periodically and the blood
;c1ld be taken at the same time in relation to meals, Standardization of lapmatory
s Aesirable. Divergence of results for serum albumin and for growth and nitrogen

+ 11ve been i1epo.ted, In some cases this appcars to be due 1o a rapid increase in
m1s< and blood volume concealing active albumin synth681sll unless total ¢i1iculatring

a8 nessured Serum albumin also apparently behaves difterently from other paramcters
~2 to vegetable as compared to animal protein and 1< slow 1o decrease on some experi-

~tr with low PIR The significance of this difference requires furiher studs.

1cswe amiro acid and enzyme levels

-droments of plasma amino acid levels and ratios, and of the concentrations of .arious
. the ple-ma have been preoposcd as useful criteria. These methods still require
valuvation,

~ catinite height index

'us recently been demonstrated that 24~hour creatinine excretion of a malnourished
narcd with that of a well=-nourished child of the same height 1s a good measure of
v-on of lean body mass due to malnutrition and 1ts recovery with re-fceding 12

1o to evaluate the degree of recovery of lecan body nass,
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