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1 | INTRODUCTION

1.1 | Problem

Abstract

Treatment of acute malnutrition typically requires the provision of ready-to-use food (RUF).
Common RUF is effective but expensive, being manufactured from costly ingredients, and
shipped worldwide from few global suppliers. | developed a linear programming tool to create
RUF optimized for low cost using locally grown crops while maintaining necessary nutritional
goals and other constraints. My tool utilizes a database of the nutritional value, price, and water
efficiency of suitable ingredients and allows adjustment of constraints, including nutrients, fla-
vour, and crop water efficiency. It is designed to (a) address nutrient requirements conforming
to current standards and practice; (b) optimize RUF formulae for low cost using a wide range of
ingredients for nutritional value and acceptability improvement; (c) ensure protein quality
through protein digestibility corrected amino acid score; and (d) adjust RUF formulae according
to locally grown crop selection, local prices, and crop water footprint. The tool creates formulae
free of expensive dairy ingredients, ensuring desired protein digestibility corrected amino acid
score by automatically balancing proteins with complementary quantities of essential amino
acids. Using publicly available data with an application to Nigeria, my tool created RUF formu-
lae suitable for local production using local crops to meet all nutrient requirements at a fraction
of the ingredient cost and water footprint of current formulae, demonstrating the tool's effec-
tiveness. Optimization of RUF for low cost using locally grown crops will facilitate local produc-
tion and reduce ingredient as well as transport costs, so more patients can receive lifesaving
treatment.
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needs in developing countries (UNICEF, 2009). First, the cost of
RUF ingredients is high. Most commonly used RUF, such as
Plumpy'Nut® or Plumpy'Doz®, are manufactured from vegetable
oil, peanuts, milk powder, sugar, and micronutrient supplements

According to United Nations Children's Fund (UNICEF), 16 million chil-
dren under 5 are affected by severe acute malnutrition (SAM), and
nearly half of all child deaths are due to malnutrition. Treatment of
acute malnutrition typically requires the provision of ready-to-use
foods (RUF), which are paste-like formulae with varying serving sizes
and composition for treatment of different forms of malnutrition.
Ready-to-use therapeutic food (RUTF) is used to treat SAM, whereas
ready-to-use supplementary food (RUSF) is used for moderate acute
malnutrition (MAM).

RUF is expensive. The high cost of RUF has been found as the

primary reason for donors' inability to meet the basic nutrition

(Wagh & Deore, 2015). Peanuts and milk powder account for over
50% of RUF mass and for most of the total RUF ingredient cost
(UNICEF, 2016). Second, the global supply chain, transport, and
logistics for RUF are costly. RUF ingredients are typically shipped
to the global manufacturing sites, mainly in France and the United
States, and then transported to communities in need (Ahmed
et al., 2014). UNICEF analysis of the supply chain of Plumpy'Nut®
to Africa shows that air transportation is often required, bringing
transportation cost to 39% of RUF landed cost (UNICEF, 2009)
and contributing to carbon emissions. Third, intellectual property

protection and licensing raise cost. Plumpy'Nut® patent protection
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has both constrained global RUF supply and added to RUF price
(Bakhsh, 2012; Rao, 2010).

1.2 | Current research

Research confirms that the effectiveness of RUF in treating acute mal-
nutrition is subject to specific nutritional constraints (Bahwere et al.,
2014; Bahwere et al., 2016; Oakley et al.,, 2010; World Food Pro-
gramme [WFP], UNICEF, & United States Agency for International
Development, 2016; Collins, Myatt, & Golden, 1998). Suitable caloric,
oil, protein, carbohydrate, fibre, and omega-3/6 contents for recovery
from SAM and MAM have been established (Nutriset, 2014; World
Health Organization, 2016).

With respect to SAM, some studies have shown that peanut-
based RUTF is more effective if it contains 25% milk powder compared
with 10% (Oakley et al., 2010). More recently, alternative dairy-free
RUTF have been found suitable for SAM patients above 2 years of
age (Bahwere et al., 2016; Irena et al., 2015), and a new dairy-free
soy-maize-sorghum formula has been successfully tested for accept-
ability and effectiveness in malnourished patients (Bahwere et al.,
2017; Owino, Irena, Dibari, & Collins, 2014). Protein digestibility
corrected amino acid score (PDCAAS) =95, which is recommended
for RUTF (Nutriset, 2014), can be achieved without any dairy content
(Food and Agriculture Organization [FAO], 2011).

For MAM recovery, RUSF dairy content is not a mandatory
requirement in the updated codex for relief food, which instead
requires a PDCAAS above 70% (WFP et al., 2016). New cereal blends,
containing only 8% milk powder and milk-free RUF, are effective for
MAM recovery (LaGrone et al., 2012).

The widespread use of peanuts in current RUF has been chal-
lenged by research indicating that peanuts (groundnuts) make RUF
prone to aflatoxin contamination (Duclercq, 2014).

Furthermore, research suggests that sorghum, cocoa powder,
almond, and sweet potato may raise acceptability when added to cer-
tain RUF (Dibari, El Hadji, Collins, & Seal, 2012; Hathorn, 2013; Weber
& Callaghan, 2016). Sorghum has been successfully used to create milk
free legume based RUTF of suitable acceptability (Owino et al., 2014).

Finally, the WFP et al. (2016) have recommended essential micro-
nutrient supplements to be added for efficient absorption in malnour-
ished patients for most nutrients. Micronutrients in RUF are usually
supplemented by adding a standard micronutrient premix. The amount
of each micronutrient added depends on the level of deficit from the
base ingredients, losses during processing, and the effects of inherent
antinutrients. These factors are important considerations when

selecting ingredients for RUF formulation.

1.3 | Research gaps

Most commonly used RUF have not been optimized for cost, nutri-
ents, and local contexts. Research is limited on options to (a) select
less-costly RUF ingredients and production options (Briend et al.,
2015); (b) enhance RUF nutrient content especially with respect to
PDCAAS, omega-3, manganese, and choline (Caron, 2012; FAO,
2011); and (c) determine how alternative ingredients may affect

RUF acceptability. Furthermore, although there has been a
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Key messages

e Linear programming helps optimize low-cost RUF
meeting constraints, including protein quality, local

crop availability, and crop water footprint.

e Optimizing RUF while automatically ensuring PDCAAS
creates formulae meeting-required protein quality without

costly dairy ingredients.

e Including local crops in optimization can support local

production while reducing ingredient and transport costs.

e The linear programming tool allows the inclusion of
additional ingredients, prices, nutrients, antinutrients,
and constraints. It can be adjusted to optimize different

specialized nutritious foods or other food products.

o Testing of the optimized formulae will further refine the

constraints used for optimization.

discussion about the benefits of localizing RUF production close to
malnourished patients (Clark & Hobbs, 2015; Komrska, 2012;
UNICEF, 2014) and successful introduction of chickpea-based Acha
Mum and Wawa Mum in Pakistan (WFP, 2016), there is limited
research on adjusting RUF ingredients to the local crop selection
and environmental constraints.

Research on cost-effective RUF formulae alternatives and on
adjusting RUF formulae to local conditions using linear programming
(LP) to optimize RUF formulae has been promising (Amegovu et al.,
2013; Briend et al., 2015; Dibari et al., 2012; Levesque, Delisle, &
Agueh, 2015; Ryan et al., 2014; Segre, Liu, & Komrska, 2016; Skau
et al., 2014; Weber & Callaghan, 2016), but existing tools are not
equipped to ensure protein quality directly, which limits their ability

to create alternative dairy-free formulae.

1.4 | Solution

| developed LP optimization tool to create cost-effective locally pro-
duced RUF formulae to make RUF more accessible and affordable
for malnourished populations.

My proposed LP tool seeks to (a) address necessary nutrient
requirements conforming to current standards and practice; (b) opti-
mize RUF formulae for low cost using a wide range of ingredients for
nutritional value and acceptability improvement; (c) ensure protein
quality through PDCAAS while creating dairy-free formulae; and (d)
adjust RUF formulae according to locally grown crop selection, local
prices and crop water footprint so as to facilitate local production in
proximity to malnourished populations.

Testing of the resulting optimized formulae would create a menu
from which local practitioners could select RUF that best suits the
needs of their communities. Based on current practice, the production
of preventive formulae does not require clinical trials.

Figure 1 shows my proposed RUF development process. My
research focuses on the first three steps (shaded in blue colour) in

the RUF development process.
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2 | METHODS

First, international crop databases were surveyed, and a database of
ingredients suitable for RUF was built. The ingredient database utilizes
publicly available nutrient data from the US Department of Agriculture
and price data from the Global Economic Monitor, United Nations
Conference on Trade and Development, and Food and Agriculture
Organization of the United Nations (FAOSTAT).

For all ingredients, the database includes information about crop
nutrient composition, local availability, price, and crop water foot-
print. All ingredients are used in a form with low water content/
activity (dry roast soybeans and peanuts; and flours from cassava,
sweet potato, soy, corn, and wheat) to meet moisture constraints
and ensure 2-year shelf life as required (World Health Organization,
2016).

Based on nutrient content, availability, price, antinutrient content,
and shelf stability, 26 foodstuffs were chosen and included in the
ingredient database. To allow for wider use in different settings, provi-
sion was made for users to expand the ingredient database by utilizing
designated cells in the tool. Inclusion of new ingredients requires the
input of the nutritional profile per gram of the ingredient, its price in
USD/g, and crop water footprint. As required, users can easily
enable/disable ingredients to be considered in optimization.

For each ingredient, the database includes designated cells to
input additional nutrients or antinutrients and cells to input additional
prices if needed for different contexts. The tool automatically calcu-
lates with a provision to constrain for the additional nutrients and/or
antinutrients.

Second, the LP tool was created to optimize RUF for low cost and
local contexts in compliance with applicable nutrient and formulae
composition standards. The solver plugin for Excel was used, as it is
easily accessible to new users and has been used to create food prod-
ucts acceptable to patients (Dibari et al., 2012).

Adjustable
Constraints

FIGURE 1 Proposed ready-to-use food
development process
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The tool is set to consider minimization of cost as the objective.

Linear objective function is

where Y is the total cost of ingredients, b; is the cost per 1 g of ingre-
dients i, and B; is the amount of ingredient i.

The tool thus generates the ideal quantity of each ingredient avail-
able in the database to minimize the overall cost while meeting
established nutritional goals and other constraints. Users can select
local ingredients as the input for the tool. The cost per gram of each
ingredient and supplement is converted from the price databases.
The total nutritional value is automatically calculated by adding
together the per gram nutrition of each ingredient multiplied by the
quantity of each ingredient used.

Compared with previous RUF optimization efforts (Amegovu et al.,
2013; Briend et al., 2015; Dibari et al., 2012; Levesque et al., 2015;
Ryan et al., 2014; Segré, Liu, & Komrska, 2016; Skau et al., 2014;
Weber & Callaghan, 2016), the tool includes an expanded range of
ingredients for RUF nutrient composition and acceptability
improvement.

With respect to acceptability in patients, the tool can be config-
ured to automatically select and include a serving of the lowest-cost
acceptability improving ingredient—or a combination of acceptability
improving ingredients—such as sorghum, cocoa powder, almond, and
sweet potato (Dibari et al., 2012; Hathorn, 2013; Weber & Callaghan,
2016). This function reflects the available albeit limited data on accept-
ability of alternative ingredient combinations in RUF and on the influ-
ence of specific ingredients on RUF acceptability, especially pertaining
to local tastes and preferences.

The LP tool includes novel adjustable constraints of PDCAAS,

micronutrient supplements, and water efficiency.

Local Ingredients, Nutritional Value & Prices

3
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PDCAAS is automatically calculated and constrained to ensure
protein quality (FAO, 2011). PDCAAS is maintained automatically
by multiplying the true protein digestibility factor of each ingredient
by the quantity of each ingredient and the quantities for essential
amino acids within the ingredient according to the US Department
of Agriculture nutrition database, adding the protein digestibility-
adjusted totals of each amino acid in the formula, and dividing these
by the total protein quantity. The resulting values are divided by the
respective amino acid quantity per gram of reference protein for
children, as determined by the FAO, and constrained to be not less
than the desired PDCAAS score. This is expressed by the following

two equations:

n
Qo= 2 Gaid;,
i1
Q
3‘730-95(&),

where Q, is total quantity of essential amino acid a, C; is quantity of
ingredient i, g; is quantity of amino acid a per 1 g of ingredient i, d; is
protein digestibility factor of ingredient i, P is total quantity of pro-
tein in the formula, and g, is goal quantity of amino acid a per 1 g
reference protein.The tool has two options of constraining for micro-
nutrient goals; estimating the composition of a micronutrient supple-
ment premix and minimizing cost of supplements alongside the cost
of base ingredients or requiring a certain micronutrient value with-
out supplementation.

In formulae development, the supplement premix will be adjusted
following the estimation or analysis of the micronutrient profile of the
manufactured RUF to account for loss in processing. For more accu-
rate estimation, the tool allows users to include a percentage loss value
for each specified micronutrient. The tool displays the total amounts of
each micronutrient for the ingredients used and the expected respec-

tive total amounts after processing.

Adjustable Constraints

Amino Acid Score

BRIXI

Optimization

Similarly, amino acid supplementation can be enabled, so that the
tool automatically calculates the amounts required for the formulae to
meet the target PDCAAS inputted.

The tool also calculates antinutrients for the formulation based
on the antinutrient content for each ingredient which can also be
enabled/disabled as constraints. For example, the tool includes cal-
culation and constraint for the antinutrient phytate. This antinutrient
affects mineral bioavailability and is heat resistant hence not
significantly destroyed at the typical processing conditions of
ingredients and RUF.

Furthermore, the tool can limit the water footprint of ingredients
using UNESCO IHE Delft water productivity data for local production
in water scarce regions.

The LP tool allows users to set the macro- and micronutrient con-
straints according to patient condition, creating (a) RUTF formulae suit-
able for recovery from SAM, SAM with oedema, and/or cirrhosis; (b)
RUSF formulae for recovery from MAM; and (c) specialized malnutri-
tion prevention formulae or any kind of food product.

Moreover, the LP tool can modify RUF formulae in response to
exogenous changes, such as commodity price shifts and local crop
availability.

Figure 2 illustrates the tool's adjustable constraints and optimiza-
tion process for RUF formulae.

Third, | set constraints according to RUTF standards, effective for
recovery from SAM, as shown in Table 1 below. These constraints
reflect the current WFP, UNICEF, and Nutriset standards, as well as
clinical trials of recovery from SAM (Nutriset, 2014, UNICEF, 2009,
World Food Programme, 2016). To ensure protein quality, the tool
was set to maintain PDCAAS of the formulae greater than or equal
to 95 (as in current RUTF) or 100 (FAO, 2011).

Fourth, | used the tool to optimize RUTF formulae for local and
international productions, taking Nigeria as a case study for local
production.

Case Study: | created an application of the LP tool for Nigeria. |
obtained local prices of local ingredients from FAOSTAT, the Nigerian
National Bureau of Statistics farmgate, and the Central Bank of

Optimized Formulae

Micronutrient Goals

Crop Water Efficiency

Flavour Improving Ingredients

Expanded Ingredients:
Locally Grown Crops &
Local Prices

Weight

Optimal Ingredient

Calories

Combination

Protein Content

Estimated Supplements
needed

% Energy from Fat

Fat Content

Micronutrient
Supplement Prices

% Energy From Omega 3 Oils

% Energy From Omega 6 Oils

I
I
I
I
I
I
| % Energy from Protein
I
I
I
I
I
| Fiber Content

FIGURE 2 Proposed ready-to-use food formulae optimization process

I
I
|
|
I
|
| — Linear Programming |_,
|
I
I
|
|
I

Note: Novel elements are in yellow shade, expanded
are in blue shade



BRIXI

TABLE 1 Nutritional constraints used to generate formulae

Nutrients Min Max
Calories 500 kcal 520 kcal
Protein 13 g 16 g
Protein (% energy) 10% 12%
PDCAAS 295/100 -
Lipids 26g 36¢g
Lipids (% energy) 45% 60%
Omega-3 fatty acids (% energy) 0.30% 2.50%
Omega-6 fatty acids (% energy) 3% 10%
Fibre content % - <5%
Sugar 15¢g 18 g
Acceptability improving ingredient servings 21 -

Note. Values used determined from Nutriset (2014), UNICEF (2009), and
World Food Programme (2016). PDCAAS = protein digestibility corrected
amino acid score.

Nigeria. To optimize the local RUTF formulae for Nigeria, | used the
2007 and 2013 price data (the most complete data available) and com-
pared the optimized formulae for these years.

Finally, | compared my optimized RUTF with currently used RUTF
for nutrition, ingredient cost, and water efficiency. | calculated the
nutritional, ingredient price, and water efficiency value of current
RUTF using the same databases as for my optimized international

formulae.

3 | RESULTS

Drawing on the ingredient database and on the constraints set, the LP
tool generated cost-effective RUF formulae for different circumstances
in the international markets and in the local markets in Nigeria. Figure 3
shows the proposed optimized RUTF formulae for international mar-
kets (using international trade prices) in 2016 and for Nigeria (using
local prices in Nigeria) in 2013 and 2007.

Given the significant crop price differences between the interna-
tional and Nigerian markets, the proposed optimized RUTF formulae
generated by the LP tool differ markedly. Namely, based on interna-
tional prices in 2016, Formula 1 (PDCAAS = 100) includes soy flour,

~
@

Ingredient Quantity (g)

"
o
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palm oil, sorghum flour, sugar, and lentil. Formula 2 using Open Market

prices for 2016 (PDCAAS = 95) includes roast soybean, palm oil, sor-
ghum flour, sugar, and barley flour. The optimized RUTF formula for
Nigeria 2013 consists of palm oil, roast soybean, sugar, cassava flour,
cowpea, sorghum flour, and cashew. The optimized formula for Nigeria
2007 includes cowpea, palm oil, sugar, roast soybean, sorghum flour,
cashew, and sesame. Sorghum flour was included in all formulae at a
serving shown to improve acceptability (Dibari et al., 2012). The tool
found sorghum flour more cost effective than other possible accept-
ability improving alternatives.

The proposed optimized formulae have nutritional values within
RUTF requirements set by the WFP, which involve lower ingredient
cost and lower water footprint values compared with current practice
(Table 2). Considering protein quality, the LP tool successfully created
formulae with 100% PDCAAS, possible without individual ingredients
with complete proteins by automatically balancing proteins with com-
plementary quantities of the essential amino acids.

The total ingredient cost of the proposed optimized RUTF formu-
lae for international production is below third of the estimated ingredi-
ent cost of the currently used Plumpy'Nut® formulae (Figure 4).
Ingredient cost reduction in the optimized international formula is
largely driven by the replacement of peanuts and milk powder. The
main cost savings generated in the local formulae for Nigeria stem
from the removal of milk powder, as well as from the low local price
of cowpea and soybean.

Water footprint of the proposed optimized formulae is only about
one-quarter to one-third of the current formulae (Figure 5). The reduc-
tion in water footprint is largely driven by the absence of dairy prod-
ucts in the optimized formulae.

The LP tool was evaluated for accuracy of the predicted nutrient
values of RUF formulae. This was done by inputting the ingredient
composition of Plumpy'Nut® and one version of Soya-Maize-Sor-
ghum RUTF and comparing the total nutritional values calculated
by the tool with the results of laboratory analysis available for
Plumpy'Nut® and Soya-Maize-Sorgum RUTF (Bahwere et al.,
2016). The tool calculated the caloric value within 1% error of actual
laboratory results, estimated the amino acid profile within 3% of
actual values, and percent energy from protein within 5% of actual

values. Given that these variabilities were within a statistically

m Barley flour

| Lentil dry roast

m Cowpea dry roast
Sorghum flour

m Sugar

m Cassava flour

m Soy flour

m Soybean

® Sesame dry roast
m Cashew dry roast
| Palm Oil

Open Market Formula Open Market Formula Nigeria Formula 2013  Nigeria Formula 2007

1(201 6)1 ESCAAS = 2(2016) PDCAAS =95 PDCAAS =100 PDCAAS =100

Formulae

FIGURE 3 Proposed ready-to-use food formulae ingredients. PDCAAS = protein digestibility corrected amino acid score



BRIXI

e LwiLey]

's924n0s Apled pJiy) pue sinojy Jagny Jejiwis JsuleSe paxdayd ‘Uoipe|ndjed Aq JNOj) B 0} PIMSAUOD SEM ULIO) MEJ ‘BABSSED ‘LET TT 9} 0S ‘@seqelep jualiinu ainyndusy Jo Juswiedsq sn ays ul
3|qelleAR DI9M SWIO) MBI AUO ‘BABSSED 10, "POPPE }[ES INOYHM ‘PRISEOL AIp ‘SINU MBYSED ‘SINN ‘G80ZT :MaYSed ‘payiiios AIp ‘Asjieq ‘[eaiad ‘poojAdeq ‘TSTE0 ‘AdJeq DHYM ‘PAYDLUS UNOJ} UI0d ‘/TOQT :dZIeW paLp
‘9|0YM ‘SIS SWESIS ‘SPaIS ‘©ZOZT DWESIS LESNS ‘UleIS-9[0YM UNOJ) WNYSIos ‘84,907 :WNnYsJos ‘wied |10 ‘G500 |10 Wied {pajseos Ap ‘Dinjew ‘sueadAos ‘TTT9T :UeagAos—aseqelep JuaLInu yYASN 404 si03dLdsaq,

ypd
(#T0Z) 39sMINN Uo paseq ezep @INNAAWN|d (0TOZ ‘B4ISH0H 13 USUUOMBIA|) Hodas JHI-ODSINN Sulsh paje|ndled Juidiooy Jo3epn “elep sueg PLOAA pue uoljeziuesiQ 34n3ndlsy pue pood Suisn pajejndjed sadlid 30N

(@INNAdwn|d)65T°8T 840106 €0'81¥'E rver's Ly'981°E (3w Jad suojjes) Julidiooy JajeA
(@INN Adwinid) (Buinies/asn)

710 6%50°0 ¢0S0°0 €18€0°0 6CT¥0°0 Slewsa ‘9oud Jualpaidul [e3o ]
auIsA] SUON SUON QUISAT SUON pioe oujwe 3uiwi
(@INNAdwinid)G 6= 00T 00T S6 00T Svvodd
0101 ¢ 128 ¥8'8 69'6 €L'6 spioe Apey 9-e8awQ woly ASisug %
§C01€0 1340) 690 640 80 spioe Ajjej g-eSawQ woly AS1au3 %
G> S 14 S 1 JUSU0D 3qlH %
Sve £L1LCE 96°CE 9G°€e VEPYE (8) 384 |P30L
ver €T €T €T €1 (3) uiezoud B30
0cs 0cs 0cs 0cs 0cs SalIoed [e30]
z6 L6 L6 L6 L6 [syuaws|ddns *oxa] (8) 3ySiom [e30 |
|lo wpd G'€ swesas LT mayse) 658 Asleg LU [31983 Mojoq
Japmod NN '9 mayse) / wnysios GT Jesng GT Jesng s103dudsap], (8) uoisodwo)

o8ng £ wnysios 8'6 eadmo) G2 6T wnydios £'8T wnysios

1nubad 60T ueagAos £L°0T eAesse) 6'9¢ !0 Wijed €/T !0 Wied

g1 Jesng g1 1esng €°/T ueaghos £°8T Anoj} Aog

8¢ 1o wied ¥°'€¢ ueaghos
€'9¢ eadmo) £9C |'o wied

(inNAdwinid 104 00T < Svvdodd 00T < Svvdodd §6 < SYvodd 00T < Svvdodd og|nuiog

S9jew}sa) 41 NY Jusa.un)

e|jnw.ol /002 N_._OM_Z

e|nwio} £T0Z eUasSIN

9T0T T e|nwio4 19xJew uado

9T0Z T e[nuwuio 3xJew uado

..—CCQHOOU« J2jem pue .wu_LQ ..—Cw__uw.hwc_ .CO_u_mOQEOU JjusauInu aenuIo) 4Ny _umeQO‘_n_ Z 31gavlL



BRIXI

o

Cost (USD per serving)

Plumpy'Nut® est. Open Market 2016

Formula 1

FIGURE 4 Total ingredient cost of formulae
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Gallons per Metric Tonne of Formulae

Plumpy'Nut® est. Open Market 2016

Formula 1

FIGURE 5 Water footprint of formulae

acceptable range, the LP tool was confirmed to accurately predict

the nutrient values of RUF formulae.

4 | DISCUSSION AND CONCLUSIONS

My LP tool successfully generated cost-effective RUF formulae appli-
cable for both international and Nigerian local contexts. The tool
appropriately utilized an expanded range of ingredients for RUF nutri-
ent composition and the novel adjustable constraints related to amino
acid score, flavour-improving ingredients, and crop water footprint.
The tool automatically balanced proteins with complementary quanti-
ties of essential amino acids. Following on recent success with milk-
free formulae, the tool successfully constrained PDCAAS instead of
dairy content within the formulae. The lack of true faecal protein
digestibility data may, however, limit the accuracy of PDCAAS calcula-
tion when including less common ingredients.

By requiring goal protein content, the automatic calculation of
PDCAAS allows the LP tool to create formulae with complete amino

acid quantities at lower cost than previously achieved. The tool can

Wi LEY1 ‘
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Open Market 2016  Nigeria 2013 Formula Nigeria 2007 Formula
Formula 2
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Open Market 2016  Nigeria 2013 Formula Nigeria 2007 Formula
Formula 2

be easily adjusted to require dairy protein content if needed. Further-
more, the tool is easy to use, allowing simple adjustment of ingredient
selection and nutrient constraints.

The software supporting the LP tool can be upgraded to allow for
automatic updates in international and local crop price to better sup-
port RUF production decisions.

Further testing will help increase the accuracy of the LP tool. Opti-
mized formulae would be verified through laboratory analysis for
micronutrient premix development and conformance to the target pro-
file. Further laboratory analysis of manufactured RUF formulae could
improve accuracy of estimated micronutrient and antinutrient content.
Similarly, testing of the nutrient values of available ingredients will pre-
vent any mistakes due to discrepancies in ingredient nutritional value
compared with current databases. Additionally, testing for true ileal
protein digestibility will allow the tool to calculate Digestible Indis-
pensable Amino Acid Score. It will also be important to determine
which ingredients or ingredient combinations improve acceptability
and palatability of RUF in local contexts. Moreover, production cost
needs to be reflected in the choice between RUF formula alternatives
that require a different manufacturing process.
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Development of a micronutrient premix, acceptability testing, and

—as required for RUTF—subsequent efficacy trials will serve to vali-
date LP results and further modify and improve nutritional constraints.
Based on acceptability and efficacy trials, recipes of proven alternative
cost-effective RUF formulae can be developed to facilitate local
choices and production.

The use of my LP tool can support RUF formulae optimization to
reduce RUF ingredient cost (including the replacement of costly dairy
ingredients), enable local production, reduce contamination risk, and
cut environmental footprint (viz., crop water footprint and transport
carbon footprint), thus allowing improved malnutrition treatment

efforts.
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