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Proteln-calorie malnutrltlon 1s hlghly prevalent and is an important 

public health problem m many parts of the world. This deflclency is 

especially frequent,among pre-school-age children whose protein requirements 

are higher per untt of weight than any other age-group. An inadequate dietary 

proteln rntake is responsible for this deflclency and any lncrease in production 

hand in hand with better dlstrlbution will be a major factor in preventing it. 

Other factors, such as control of the Infectious diseases of childhood, better 

sanltary conditions, better education of mothers and improvement of socio- 

economic conditions are also aspects of prevention which must not be neglected. 

It is therefore obvxous that preventlon, to be really effective, must be W e d  

on a multi-disciplinary approach to the problem. 

It ~s,however,not wlthxn the scope of this paper to review all the aspects 

of preventlon and we shollld llke to limit ourselves today to the question of 

protein foods. Since pre-school age chlldren are the most vulnerable population 

group because of their relatively hxgh proteln requirements, WHO, FA0 and UMCEF 

therefore have concentrated flrst of all on the protection of this special group, 

and programmes for the development of protein-rich foods specially intended for 

young chrldren have been set up. At the outset of the programme i.e. in 1955 



these organizations considered that flours prepared from ollseed press-cakes, flsh, 

and pulses offered excellent prospects for the development of weaning or supplement- 

ary foods Intended for tk~is age-group. Varlnus focd mlxtures based on cereals and 

proteln concentrates or pulses were thus ceveloped containing about 20 per cent of 

hlgh quality proteins. Incaparlna whose composition was worked ouz by Incap some ten 

years ago, 1s an example cf a mixtwe of thls type. It contalns 27 per cent protein 

its maln lngredlents belng maxze flour and cottonseed flour. 

Before these mixtures are accepted for human nutrition, it 1s evldent that 

they must be tested for safety a - d  suitaolllty. 

The procedure whlch IS rather long includes the precise ldentlfzcation 

of the foodstuffs and of the varlous treatments they have undergone; bacteriological 

and chemlcal analysis, study of the effects of storage; stucl; of posslble toxicity 

using laboratory anlmals; and carefully controlled tssts w~th ch~ldren. These 

are followed by tests with large population groups. Sone of these stages are 

well-known and therefore a few of them w~ll only be renewed here. 

Firstly, ~t mst be made sure that the varlous Ingredients used in the 

preparations of the mlxtures are of gooa quallty and do not contazn toxlc 

concentrations of pesticides, fungicides or solvent resldues. In addition, 

the lngredlents should not contain toxlns derlved from moulds. If solvents 

have been used in thew preparation, as is often the case wlth oilseed press- 

cakes, the resldues should h ~ v e  been removed as completely as posslble and any 

remalnlng amount should be below the toxzc level. Whenever the lngredlents used 

for producing these food mixtures have been treated with pesticides or fungicides, 

~t must be made sure that such treat~ents have been carrled out in accordance wlth 

the rules accepted In agriculture. If there i$ any doubt on this point or ~f it 

is impossible to obtaln the necessary ~nformdtion, then the quantities present 

should be determined. 



If one of the lilgredlerits consams: am mtlrretabollte this - 
should be inactivated, destroyed or extracted. I n  the case of 

soya flour,  f o r  example, the ant l - t rypt lc  fac tor  can be mact lv-  

ated by heating. I n  tne case of cottonseed flour,  lt 1s 

possible t o  extract  the gossypol using s e l e c t ~ v e  solvents or  

azestropic mixtures. F i r s l ly ,  cc-rtarn pulses may contam 

haemat~glutlnins, haemolgs~ns o r  other factors  which are  toxic 

f o r  the nervous system and wku-h should be borne i n  mind 

when such products are included ~c these food mixtures. Among 

the  &fferent  toxlns derlvlng frorr: mould, aflatoxin produced 

by Aspergillus flavus is probably the most frequent, and the  

aflatoxin level  i n  the foood mixtures must be kept as  low as  

possible. It is, however, often lmposrible under present 

production and storage condltlcns t o  i.nsure complete freedom 

from aflatoxln so tha t  the Proteln Lc;visory Grocp has recom- 

mended t h a t  its level,  as measure2 by the  methods developed 

a t  the Tropical Products Ins l tu te  of London and by the  United 

States  Food and Drug Administration, should not exceed 30 

par ts  per 1000 mlllion 1.e. 3 rr.lcrograms per Q. This 

quantity was calculated on the assmptxcr, tl, t a pre-school- 

age child would ea t  an average of 100 g per day of t he  food 

mixture contalning aflatoxin. 

Various chemical reactions may occur durlng processing. 

Thus m the Maillard reaction tne amount of available lysine 

decreases and th i s ,  of course, affects  the nut r i t iona l  value 

of the product. rts Sacterlolsdlcal  quali ty is also in- 

fluenced by the cooklng tlme. 



By reason of &he very different composltlons and types of preparation of 

these food mixtures ~t is difficult to define bacteriological criterla which 

can be applled to each and all of them. Whlle awaltlng more ample lnformatlon 

in this field the following maximal criteria are employed: 

Micro- organisms 

Aerobic mesophillc organisms 

Concerning the enterobacterlaceae ~t is ac?visable to test for these flrst 

wlth a vlew to decreasing the number of subsequent tests requlred for Salmonella. 

When they are present then Salmonella should also be tested for and should be 

absent from ten 25 g samples. Fmally, when fish or preparations based on fish 

are present in the food mlxtures lt is also advisable to test for the spores of 

Clostridiwn botullnun type E. 

It is only when a food mlxture has been prepared from Ingredients recognized 

as suitable In such a way that there 1s no doubt in regard to safety of the product 

and when all the tests ~t has undergone have glven a favourable result that the 

mixture can be tried out on children. Such trials on children include checks 

for acceptability and tolerance and, ~f necessary, an assessment of the nutritional 

value of the product. This comprises a study of the growth curve for infants or 

young children, of the nltrogen balance and poss~bly of other biochemical parat 

meters. 

WHO assumes responslbility for hman tests on all products developed or 

distributed as part of the intern.itiona1 FAO/~JHO~CEF programme for the develop- 

ment of protein-nch foods. FA0 and UNICEF share the responslbility for the tests 

preceding the human trials. Flve cencres all over the world are at present 

collaborating with WHO and testlng these new protem-rlch foods wlth chlldren 



and infants. Among those whlch have already undergone such t r i a l s  or  w i l l  do 

very soon, the following food mlxtues  may be mentioned. 

O f  the food fraxtures based on wheat, fi-re we-e developed joint ly  by UNICEF 

and FA0 and a s ix th  by the UsSS. Dspdr-Lment of Agriculture and the U.S. Agency 

f o r  International Development f o r  posslble dls%ributlcn by UNICEF and other 

organizatinns. Pulses, soya f lour  or  a mixture of soya f lour  and pulses a re  

the chief source:: of pLaoteias 1r1 these focds, Pome of them  SO con4ain a 

small proportion of skzm milk, Ike mxturea are gre-cooked and t h e i r  nutritive 

value as measured on r a t s  i s  good. Three mlxtures have already undergone 

c l in i ca l  t r l a l s  and t h e w  acce?taSil.ity vaned from good t o  excellent; they 

were well tolerated (see t a b l e I ) .  

Seven mixtures of maize and soya have a l so  been developed, includxng one by 

the U.S. Department of Agriculture and the U.S. Agency f o r  International Development 

f o r  dis t r ibut ion by UNTCZi? and other organizations. Some of these mixtures 

contain small amounts of sklm m ~ l k  powder or f i s h  f lour .  They are pre-cooked and 

ro l l e r -d r~ed ,  apar t  frcm one prepared by the extrusion cooking method. T h e n  

nut r i t iona l  value 1s good. Three of these mixtures have already been tes ted on 

children and the resu l t s  range from very good t o  excellent. They are  a l so  w e l l  

to lerated (see t a b l ~ I * I ) .  

Three mlxtures of the Incaparina type have a l so  been developed by WCm. 
The additlon of f ive  per cent of Cis11  f lour  t o  the formula appears t o  increase 

the nut r i t iona l  value more than does enrichment with 0.25 per cent lysme.  It 

1s a lso  possible that, the extrusion cooking method r e su l t s  in a s l i gh t ly  higher 

nut r i t iona l  value tilam the pre- ccoklng and ro l le r -  drying procedure (see table  4). 

In general, however, these mixtmes of maize and cottonseed f lour  have a lower 

nut r i t iona l  value than mixtures of mazze-soya, wheat-soya or  wheat-pulses. 

Clinical  trlsls of a mixture of soya f lou r  and whey have e l so  been carried 

out. Although a c c e p t a b i l ~ t g  was good, there were cer ta in  problems in  regard t o  

tolerance; possibly tihe Hlgh lactose concentration i n  the prsduct was responsible 

f o r  the attacks of diarrhoea observed among the children. Another mxture,  

consisting of cat  f lakes and soya f lour ,  has a lso been t r i e d  out with good r e su l t s  
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as concerns acceptability and tolerance (see table v). 

The programme has not yet been completed anu aevoral more months will be 

necessary before the full results for the different wlxtures being tested as 

part of the FAo/~Ho/UNICEF programme are avallablc. The trlals will have to be 

extended to large population groups using the mixtwez whxch have given the 

best results before it will be possible to try to market these products. Some 

of them have neverkheless already reached the commercial or mass distribution 

stage, namely Incapartna, in Guatemala and Columbi-a; Superamine, in Algeria; 

and CSM which, although not sold commercially, is djstnbuted on a very large 

scale throughout the world. 

It is probable that in the future this testing programme will have to be 

extended still further and that other proteins, chlefly non~convent~onal 

proteins such as those derived from unicellular organisms, will also have to 

undergo rigorous testing. 

Finally, more information should certainly be collected on the validity 

of methods for the fortiflcat~on of cereals wlth pure amino acids. It has been 

shown in carefully controlled experiments that it is possible to increase the 

nutritional value of cereals by enriching them with pure amino acids but it 

remains to be proved that thls can be applied on the scale of a whole population 

and'that the method isaonomical and nutritionally valld when applied on such 

a scale. 

In conclusion, it is obvlous that more remains to be done, but this 1s a 

good sign for it shows that there are many possible lines of research in the 

attempt to overcome the protein gap and to prevent protein-calorie malnutrition. 



TABLE I 

NET WORLD FOOD SUPPLY 1960-1962 

I ual  food supply Annual proteln I Annual protein 
I millions of tons) ' supply I supply per person i'" ; (millions of tons) I 

I 
L ! --- I ..--- - --- ---C----- 

(b) 
I 

I a 
1 Cereals, net 

I 
I 

! Wheat,neta 145.9 t 17-08 i I a i Rice, net I 156.3 1 10.48 1 
a l 

Coarse grains, net , 121.3 ! 11.27 ! 
1 

I sugar 1 60.9 - i - f 
' Pulses and nuts b 46.1 ' 10.39 I 1.29 1 

1 
i Vegetables 156.0 2-18 0.69 
f t 

kvits 127.9 0.88 1 0.28 I I 1 
i 

I 
Fats and O i l s  28.1 - I - 

i Vegetables o i l s  1 15.8 j - i - i 
1 

a After extraction 

5.4 I m t t e r  
t 

I 
- 1 - 

I I 
Others 6.6 1 - i - I 

I I i 
1 m a t  I 80.5 I 9.66 1 3.06 

i 

Inaludes peanuts and other oilseeds used as well as crconuts. 

8 

f Beef and veal I 27.8 i 4.10 

G.0 
I Pt~~tton, lamb 4 0.73 

1-30 

0.23 

Pork 
i 2.62 I 0.83 
1 

i 
I 

Poultry 8.2 0.98 0.31 
26.8 i i i 

Others 1.17 0.37 
1 

Ems 1 13.6 9-8 1 1.48 0.47 
I 

~ i s h  I 30.0 I 5.65 1.79 I I 1 Milk I 1 
210.7 i 7 . ~ 5  

-7--- - 2.33 
1 ___t___- --- I 

Total I ~ 7 9 . 5 0  
25-18 

-i 
1- -- -- - - 1 -- J 



WHEAT BASED PROD3IN-RICH MMTURES 

- 
I - 7---- ---- 

I 
I Tunisia - -!- Algeria ! Turkey 66/l0/2@ 66/10/201[ WSB] 

I I I 
, Soya f l o u r  I 20 30 ( f u l l  1 40 ( f u l l  / 20 

fat) fat) 
I 
i 

Skim milk 10 10 1 i 
i 

Sugar 8 I 5 1 7  I 

31 i w e a t  I 
/ Chickpeas i 34 

I 

28 1 
f 

40 1 32 (whole) ' 52 (wholc) ! 73 (wheat 

I f r ac t lo l s )  
38 20 1 30 

I 1 
I I I k n t i l s  1 I 26 I 18.5 I I ! I 



CCWNSOYA PROTEIN-RICH MI- 

r - -r-- 
4 Mx-52 - - 

I soya f l o u r  
I 

Skin n i l k  1 
I F L S ~  proteln I I 

concentrate I 
I 

I 

I 15.5 15.5 15.5 15.5 

I 
I (whit€? + ( 

1 I I raw sugar) I 
I v l t m ~ n s ,  rnlnerals ' 2  1 1.5 1 1.5 i 1.5 1.5 1.5 I 

f lavour I I 
Froccss Precooked I PrecookeS , Coo~il,, 

Ro l le r  Rol ler  Rol ler  I 

Dried Dried Drred 

Pro tem content 20.9 1 20.3 22.1 21.1 20.6 

PER (stand) I 
2.36 2.35 2.8 2.49 2-59 2.4: 

NPU 68 59 - 50 

Acceptability + ++ u 

Tolerance I good good good 
I I dl f f i c u l t  1 t o  - - e p a r ~  

I 

b 
- - -  i -I - - , -  A, , , 5 CI 
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TABLE IV 

r -- p--- - - --I------- 
MX-62 TmF - - rmy7F7 

I--- ----------- - -  
1 
1 Corn 
I 

45.5 I 1 o 47 - - - - 1 ~ 5 - j  I 

I Cottonseed f lour  I 
t 

Fish proteln concentrate 
1 I 

I m i n e  

I Sugar 

Cottonseed o i l  
I 

I 
I 

1 Vitamins, minerals, 
' flavour 
I 

I Process Cooklng ' Precooked 

Proteln content 
I 

PER (Stand) 
1 

l 
Acceptability 

I I Good. i 

I 
Some 

ir. the  

I d i f f i cu l ty  1 

1 1 preparation 

- -- - -  i .- -- . - _ I - - -  

I 

0.25 

15.75 

5 

1.5 
! 

Precooked 
Roller 
Dried 

21.2 

1.59 

53 




