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policies affecting public and private investment in one food

verous another. The calculations include reference protein price
rving of various {oods ncormalized to the staple of a country ang,
il desired, can be progressively modified to permit comparisons

)

when other fucters arc taken into account, such as protein-calcorie

efficiency, consumer demand, acceptability, and others.

The analvisic of the price of refererce protein provided by
FIOC oand other fortificetion naterials ic made to distinguisn tetween
the "increoment:l" cont of only the additicnal protein made avaiiadle
by the fortification agent and the integral cost or the cost of all
ti.e protein--that normully ir the venicle being fortificd and that
~enerated by introducing the fortification arent. This distinction
results in FPC beling the lowecst cost on an integral or total cost
basis while L-lysine 1s the lowest cost on an incremental cost
basis. Thic distii:tion s of major imzortance to goverranents
which may have to decide whether to import fortified wheat flour
(where the total cost is critical) or whether to fortify its

domestic wheat supply (where the incremental cost is critical).

The absence of specific rational nutritison odbjectives in most
countries 1s matched by the general lack of attention to the
nutritional effects of existing agricultural policies, subcidies, )
and programs. Countries will inevitably have to rormulate nutrition
objectives and face the possible painful adjustment in existing
policies and practices. In most countries, the ccmpeting claims
for land and the fish protein pozential are forcing intensified
attention to the seas as sources of protein. Questions are already

arising as to the investment emphasis given to the fich industry §




as compared with poultry and other protein sources. The probable

slow rate of increase in the income oI the poorest groups of the
population will force concentration c¢f new FPC and other fortifica-
tion programs based on staple cereals now counsumed by such FICUps.
Governments will need to harmonize nutrition objectives with
balance of payments policies, reoourse develcopment policies, and
investment incentives. Particularly with regard to FPC, the unzven
distribution of fish resources in the world could generate an

international trade in FPC somewhat similar to that in non-fat dried

skim milk.
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UTILIZATION OF FPC:
AN ANALYSIS TO HELP FRAME NATIONAL
PROTEIN STRATEGIES

Gerald D. Bernstein, Idmon, Inc.
(formerly of General Oceanology, Inc.)

Sidney M. Cantor, Sidney M. Cantor Associates,

Inc.
Solomon H. Chafkin, American Technical
Assistance Corporation

Comparative Costs of Reference Protein

There are few analytic guidelines available to assist
governments in making decisions on nutrition objectives and

pregrams.  Analysis 1s needed not only of Fish Protein

ilities out also of tne nutrition implications of national

TR o

ricultural and otner policies affecting investment in one
Poow vErsus another. For thls reason, the authors have
.ed A Tﬁdei{l) incorpurating price, reference protein(g’
4.4 olher relatiocnsnips in a rnypothetical developing
ccuntry walch displays a protein gap. Tnls model considers
impertent traditional foods as well as for iliiustrative

fortificaticn packages. In this paper, calculations are

Leveloped by 5. M. Cantor Associates
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used to show protein price rankings(3) of various foods and
fortification packages relative to a staple-~-in this canc, rice.
Ry taking additional factors into account, these rankings can be
progressively modified and extcended to permit other comparisons
such as consumer demand and accepltability, protein-calorie

efficicney, and investment attractiveness.

The calculations attempt to answer the question of what
would be the best product to invest in if a government or a
private investor, or both, were interested in a product (1)
which could provide to low income groups the highest possible
yield of reference protein; (2) whose price per unit of refercnce
protein was low relative to a staple cereal--in this case, rice;
and (3) which was in strong demand by low income consumers and

likely to become increasingly in demand as incomes increase.

The significance of the model is methodological. The
calculations provide the effects of a particular set of price
relationships at one point in time. As these price relationships
change, the calculations may yield quite different results.

The sensitivity of the calculations was illustrated by testing
them with the resultc of an analysis of soybean product con-
sumption by the consumers cof the sample country. Mosl oi the
consurption of soybean products in that country is not in the
form of soybeans, but in the form of bean curd and the price

of bean curd is significantly higher than all other soybean
products consumed by humans. If the adjustment in price is made

(3)

The major food commodities of a country ranked in relation
to an appropriate standard (rice, in the case of rice-eating
countries) according to the cost of a kilogram of reference
protein as furnished by each food commodity, assuming it is
purchased only for its protein value.



to reflect the price of bean curd, then the soybean approach

becomes less attractive than fortification by either soy con-
centrate or FPC.

The calculations do not respond to the private investor's
nced to know in highly specific terms the detalls of specific
projccts--capital requirements, costs of product.on, potential

sales, potential profits, financial terms, potential reiura

on capital, and other critical variables. Nor does the arnalysis

at this stage answer questions which government planners rnieed to

know in connection with issucs of the allocation of pgovernmen
resources or the encouragement or discouragement of the ailoca-
tion ot private resources. However, the calculations can be
extended to estimate what the balance of payments effccts will
be if particular commodities or fortification packages are
pursued, or the employment effects, or the costs to the economy
of adopting one means of achileving nutrition objectives rather
tnan another. Keeping in mind the progressive increase in tae
number of assumptions underlying the values used in the calcu-
lations, extensions of this kind tend to become increasingly
less reliable. Nevertheless, they constitute a beginning to
systematic analysis.

For the purposes of this study, we have directed most of
our attention to the price per kilogram of reference protein
as a basis for comparison. A summary of this informaticn is
given in Table I. 1In this table, "relative reference protein
price ranking" is defined as the price of the reference protein
in rice divided by the price of the reference protein in the
particular foodstuffs (i.e., inverse normalization).



TABLE I

Price Relationships for Reference Protein
of Traditional Foods

U.S. Price per Kilogram
of Reference Protein
(in U.S. dollars)

Relative Reference
Protein Price
Ranking (rice

Cereals

1. Rice
Barley-H

., RBarley-N

W,  Wheat
Other

Yeretables

¢.. Soybeans
Soybeans (as beancurd)
Other pulses

M Datatnec-sw

¢, rortatoes-w
QCther

Arnirmal

Reef
I Pork
1¢«. Chicken
. Fish-dry
N -fresh
it -shell
17, Milk

in this sectlion.

ctrier sources of animal protein.

$4.26
2.61
2.30
2.78
3.41

.61
1.60
.73
10.19
4.78
18.52

2.98
1.85
1.85
.86
.84
1.8
9.4

Comparisons of traditional foods show the superior

1.00
1.62
1.86
1.53
1.25

ocowuvmnu=~
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position of soybeans and pulses among vegetable sources and
tre distinct advaniages offered by fresh and dried fish over
The implications of these
rankings with respect to economic policy are touched on later

-
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A similar comparison for fortification packages s set
forth below:

TABLE 11

Price Relationships for Reference
Protein from Fortification Agents

U.S5. Price per Kilogram Relative Reference
of Reference Protein from Protein Price
Agent (in U.S. dollars) _Ranking (rice = 1 O

Fortification Packa&e;(l)

Lysine 0.2% in wheat 14 3.5
Soy concentrate 6,0%

in wheat a” 7;5
FPC 5.0% in wheat .36 11.7

(1) Price of lysine, soy concentrate and FPC are U.5. $1.00
per 1b., U.S. $0.27 per 1b., and U.S. $0.25 per 1b. respectively.

It should be noted that the superior position of lysine
fortification relative to soy and FPC is based upon the price per
unit of only the additional protein rade available by the fortifi-

cation agent. This "incremental cost’ approach should be compared
with the recent evaluations made by D.M. He;cted corparing lysine
and FPC fortification of wheat flour under specified cost
assumptions. His tindings, which are summarized in Table [I1[,

are based on a "total" or "integral cost’' --the cost per unit of
the total protein in a unit of fortified wheat flour, i.e., the
protein normally in wheat plus the protein made available by the

fortification agent.
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s, the eost of adding one kilozram of reference proteln
S the Siet i+ $0.1%, using L-lysine at the 0.2% level versus
$5 M wai g P at tre "4 level. If, however, the cost per unit
af %ctal prote.~ 1% used, FPC appears superior to lysine with the
cmat «f %.a protein usic@ FPO at $1.010 ard $1.45 using lysine,
Mg # flarer & woid be more prorourced at higher levels of FPC.
Bs ww-iod ater . thiz peport, ths planner would be particularly

g mr oA wi ' tEa cost of cortairioe new protein resources,  In

KB is segm3 ‘= will feossrd the protein from the exioting wheat
cpp we @ st s rFea gr e A.ready availalle and wil!l ve interested

im s ampmr g st mew proteln cozts connected with alternative

Fort [ .58 o ageEnti f tre plancer wished to Jdeveliop the
[T SR " W f a4 .t ra) protein by EOTTUTAR LI, Tiew wheat pro-

@y b oo mrd tha foptif  ation of tric wreat then the total protein
swwt «f $74 pa wag® w1 te ~ritira;, In this case, an FPC/wheat
po-wags, 83 'Fe @egatse] s aiysls shows, would provide this new

groatas .« @t trs | west coasl

2t «ff@.t 95 ss3 Tras derations

e - w:s, swe =f total and incremental costs in light of a

B8 igee o3 At sai rutrition chbiective lays s bdasis for some
pee . o mary 3° affect veress arnAalysis. Where the stipulated
w8 wot we o, &% tre condition of avoiding substartlal foreign
8% g% Sepss Tuges, o ommer &, imports of wheat may be rejected
sogmri wus ~F fow jow tre ntérrat oral price may be. Where the

Sigey atld v &t i e®s empras 1 Az the tardel group infants and
wam g % frsc the . p.ted apa-ity of surh childrern to consume

tie (arge emaenis of rereals which would bte required in lysine




package to obtain a satisfactory amount of protein would make a
protein augmentation strategy such as FPC far more attractive in

a cost-effectiveness sense. But this objective itself ralses a
new kind of problem relating to formulating new products for child
feeding,.

An additional and critical element to be weighed is the
"delivered cost" of protein. Again the analysis depends upon the
nutrition objective formulated by the government., A generalized
objective to get more protein to low income families at the
lowest delivered cost might suprest lysine fortification of
noodles and other wheat products distributed commercially. Limit-
ing the target groups to children might lead to a highly specific
child feeding program utilizing FPC as a milk toner or FPC plus
cereals and amino acids in special food formulations distributed
through maternal and child health centers. 1In this option, the
delivered cost per head might be much higher than a generual
fortification program but the total cost might be much lower.
Moreover, 1f the policy aimed also at 1ncreasing tune survival
rate of children as a necessary precondition for accelerated
family planning, the benefits of child feeding programs would
be enhanced.

Cost of Closing the Protein Gap

A reference protein deficit of 31,000 tons was estimated
for the sample country used in this report. It will be noted
in the table following that the costs of filling this deficit
with conventional protein sources vange from a high of U.S,
$140 million for rice to a low of U.S. $2§.6 million for fresh
fish. The fortification agents are in themselves lower in cost
but in each case a substantial increase in the domestic wheat

supply is needed in order to obtain the reacuired protein through
fortification.

- 10 -




Cost nf Providing 11,70 Tens of Mefererce
Protein by Incres 'y the Supsly of
Se) {f} P{i ’ ‘“{‘?& *S‘%f% i fé ~5

B s S T

Preent insrenne sees
Cost Paant el seeded
{U.B, §millions) 9 Fill prets o sas
Rice 140.7 24
Barley 81.4 ,
Wheat 91.8 :
Soyb=ans (beancurd) 5,2
Beef 9R .«
Pork 61.1

Fish (fresh and procegs=d) 7.6
Lysine 0.2£ in wheat .4 (plus $:0.1 for (100 nere &me.
248 € 072 wrast T .

FPC 5.0% in wheat 12.0 (plus $7.4 for [ 3% we 8 Bomes
additi oral weat’ P S
ingee st -

In light of the above, tre total reet of cloaing the
protein gap by lysine fortificatirr of the esistirg pius the sewig
required wheat supply would substant ally ew-sed tre tate] swst
(fOI‘tifiCﬂtiﬂﬁ asert plus rew wheat of a0 ¥7 grosoem s of g
expancion in dorestic floh supp! =8 oF of & sog Foov £t
program. The additiona)] wheat reauired for & (g6 = 2rogrne woas il
present cpecial profless in tre yse of srar e s L tarsl Laol
to avoid displariry other proteir sour -e: #3 w5 i) 85 P84,

foreign exchange problems arisirg from commer:ial whaal Spsris.
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in noodles and other wheat-based foods. The entry of another
buyer into the market will tend to increase the price of
fresh fish adversely affecting middle-income groups. Unless
PPC can be produced without adversely affe~ting the supply

of frech fish already available in diets, the rrssible
*'witrition improvement” justification for government sub-
sldy disappears.
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