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ARTICLE INFO ABSTRACT

Keywords: Ready-to-Use Therapeutic Food (RUTF) or Ready-to-Use Supplementary Food (RUSF) has been
RUTF widely used in home-based treatment for severely and moderately acute malnourished children.
RUSF

These programs showed positive results in short term nutritional recovery in children, which were
reported in some research settings. Nowadays, the RUTF/RUSF formulation has been improved
using a variety of RUTF/RUSF from locally available food ingredients. This paper aims to review
the essential aspects of the development and provision of RUTF/RUSF made from local food
resources and monitor program effectiveness that warrants the program’s sustainability. The
modified recipes of RUTF/RUSF were developed following the international dietary guidelines for
the rehabilitation of severely and moderately acute malnourished children. The local production
of RUTF/RUSF provided some benefits that include empowering the local community, consid-
eration of the common eating pattern, promoting the diversification of food consumption,
strengthening food security, as well as supporting the sustainability of RUTF/RUSF production.
Results of the PRISMA-based systematic literature review revealed various ingredient de-
velopments and processing techniques which could improve the product characteristics and
sensory evaluation. RUTF/RUSF in local food production provided different food carriers (e.g.,
biscuits, wafers) and seemed to be more readily accepted by the children. Furthermore, the
program sustainability of RUTF/RUSF depends on a continuous ingredients supply and support
from the local government. The findings presented the importance of development of such food
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supplements based on the local food resources and with improved technology for prevention and
rehabilitation of malnourished children.

1. Introduction

In 1999, the World Health Organization (WHO) introduced a guideline for the treatment of severe acute malnutrition (SAM) in
children in the clinical setting. High-energy dense milk fortified with a vitamin and mineral mix (therapeutic milk), also called F75 and
F100, became a large portion of the hospitalized SAM children’s diet [1]. Furthermore, to facilitate the rehabilitation of the SAM
children with fewer medical complications in the community and increase the rehabilitation coverage, a large portion of the milk was
replaced with peanut butter/spread, to ease the community storage capacity, increase the shelf life of the foods, and reduce the
bacterial contamination [2,3]. The food was subsequently called ready-to-use food (RUF) [4,5]. According to the World Food Pro-
gramme (WFP) 2012 [6], RUF is defined as foods that require no preparation and cooking, hence, the food can be eaten directly after
opening the packaging. The sealed package ensures that the food will have a low risk of bacterial contamination. The terminology has
been developed beyond its original meaning, due to successful home-based therapy utilizing the RUFs for rehabilitation of SAM
children [7,8]. Thereafter, the RUF terminology has evolved to ready-to-use therapeutic food (RUTF) for the treatment of SAM
children. As stated jointly by WHO, WFP, the United Nations System Standing Committee on Nutrition (UNSCN) and the United
Nations Children’s Fund (UNICEF) in 2007 [9], RUTF is an energy-dense food consisting of a homogenous mixture of powdered or dry
ingredients, rich in protein and carbohydrates, embedded within the lipid matrix.

The current RUF developments involved the term, ready-to-use supplementary food (RUSF), for rehabilitation and prevention of
moderate acute malnutrition (MAM) in children and/or deficiencies of micronutrients, respectively [10-12]. The use of RUTF and
RUSF promotes the application of community-based programs, such as community management of acute malnutrition (CMAM).
CMAM can reduce the risk of mortality in children with severe acute malnutrition in emergency and development settings. This is
because of the decentralization of community outreach, and is expected to cover more children than other institutional approaches.
The energy and nutrient density is lower in RUSF used in MAM cases compared to the RUTF due to the higher nutrient requirements in
SAM children [13]. Thus, RUSF is expected to be given in combination with local diets to fulfill the dietary recommendation of MAM
children [14]. In CMAM, the necessity of RUTF or RUSF depends on the local needs and context. Furthermore, a study among
Malawian children found that locally produced RUTF was relatively inexpensive compared to the imported ones and achieved the
same effect, an increase in the children’s weight gain [15]. Therefore, making some new formulations of RUTF/RUSF based on locally
available foods is projected to be efficient and more cost-effective for treating the MAM and SAM children. It is important to note that
some of the ingredients probably are still imported (especially the vitamin-mineral mix); however, some of the basic ingredients, e.g.,
nuts, beans, and cereals, can be obtained locally, which would decrease the total cost. Over the years, several RUTF/RUSF have been
developed in countries where a high prevalence of malnutrition existed, namely in Africa and Asia. Most of the RUTF/RUSF provided
for the undernourished children were formulated based on the first RUTF, by utilizing peanuts to replace milk with their local food
resources. Although the inclusion of milk in the RUTF is still important for the growth of the SAM children, the MAM or SAM children
with fewer medical complications, were treated at the community feeding center, where the presence of milk might be less essential
than in a clinical setting. The SAM children hospitalized at the clinic usually had a very low body weight in relation to their height due
to some medical complications. Based on this, they needed a high-energy milk and vitamin-mineral mix that could rehabilitate and
promote their growth, indicative of a high weight gain rate (above 10 g/kg body weight/day). Hospitals are usually equipped with
refrigerators to store the milk [7], while community centers usually have simple appliances and infrastructure. Hence, the provision of
high-energy milk that needs a refrigerator for storing them is replaced by peanuts [2]. The RUTF/RUSF that replaced milk with other
protein-based foods was given to the SAM and/or MAM children produced a lower weight gain, but was comparable to the therapeutic
milk F-100 distributed at the community nutrition centers [10,12]. In addition, milk-free RUSF costs less, provides higher shelf life,
and supports the local agriculture sector [16]. In recent years, more studies of developing countries have replaced increasing portions
of milk with other protein sources, e.g., nuts, beans, or eggs. Furthermore, the nutrient balance in the RUTF/RUSF has been reviewed
during its development to fulfill the dietary requirements of the SAM and MAM children, followed by sensory evaluation and
acceptability trials [17,18]. In addition, program effectiveness of the RUTF/RUSF provision has been investigated according to the
Sphere Project that usually includes weight gain (weight or rate of weight gain until recovery), length of stay (days the children stayed
in the program), percentage of recovered children, and percentage of children who died [19]. Some intervention programs reported
nutritional status changes, health conditions, and acceptance (percentage of compliance in consuming the RUF).

Currently, the utilization of local food resources is strongly encouraged to decrease the dependency on foreign resources, reducing
the cost, and promoting the local bioeconomy and agriculture sector. The most important aspect of the RUTF/RUSF application is the
sustainability of the program. Numerous successful programs using RUTF/RUSEF for nutrition intervention should be adopted for large
use. In order to be sustainable, the technology of RUTF/RUSF production should be accessible in terms of raw materials or ingredients
availability, handling, processing technology, packaging and storing, and product quality [9,20].

When providing RUTF/RUSF for treatment and prevention of undernourishment in children, the food supplement should adhere to
the WHO recommendation and criteria. The efficacy of RUTF/RUSF related to the protein source used (plant vs. milk) for the treatment
of SAM and MAM children has become a longstanding debate, as milk-based RUTFs are considered to be more efficacious [21]. The
challenges encountered during the development of RUTF/RUSF encompass not only the choice of raw materials but also the identi-
fication of an appropriate food carrier, determination of suitable food technology, and establishment of a sustainable supply chain to
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uphold the program’s continuity. This review points to the utilization of the local food resources for the development of RUTF/RUSF
products, and the application in the program for treating SAM and MAM children. Hence, the general research objective of this paper is
to review critical aspects in the development and provisioning of RUTF/RUSF made from local food resources, along with assessing the
program’s effectiveness in ensuring sustainability of its execution.

2. Materials and methods

This research was conducted using a review of the literature following the modified Preferred Reporting Items for Systematic
Reviews (PRISMA) guidelines [22]. In July-December 2021 and updated on March 2023, a literature search was done in the Scopus
database, continuing with the PubMed database to collect other papers that were not published in Scopus. Additional relevant da-
tabases from other source (i.e., WoS) was also used to ensure a more comprehensive retrieval of all related articles. The following
keywords were used: “ready-to-use”, OR “ready-to-use therapeutic” OR “ready-to-use supplementary”. The articles were then selected
based on the following criteria [1]: the relevancy of the paper’s content to answer the research objectives; thus, whether the literature
described the development process and/or ingredients of a locally produced ready-to-use food (non-commercial) [2], the studies
recruited SAM or MAM children above six months and below five years old for comparison [3], papers written in English [4], papers
published within 1994-2023. The selected literatures were grouped based on the affiliated authors and the basic ingredients
(milk-based and milk-free). Based on different terminologies used during the earlier development of RUSF/RUTF (Ready to Use
Supplementary Food/Ready to Use Therapeutic Food), for common understanding, the definition of RUTF in this paper is referred to
the WHO/WFP/UNSSCN/UNICEF guidelines for the treatment of the SAM [9], while RUSF was denoted for the RUF following the
dietary guidelines for the MAM children [14]. The results from the bibliographic analysis included improvement of nutritional profiles,
a wide range of local food ingredients, preferred properties by the consumers, and the adapted food processing that meets the needs in
the target area. Some relevant program outcomes of the RUTF/RUSF were also presented, especially weight gain (rate of weight gain
until recovery) and recovery (percentage of recovered children).

3. Results and discussion
The Scopus search of the identified keywords: “ready-to-use”, OR “ready-to-use therapeutic” OR “ready-to-use supplementary”,

yielded 871 documents. The set of specified terms, “ready-to-use therapeutic” (found in 279 articles) and “ready-to-use supplemen-
tary” (found in 87 articles), are part of the 871 documents. The PubMed literature search yielded 505 documents. After duplication and
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Table 1

General information about the articles and descriptions of the study sites.

Heliyon 9 (2023) e22478

RUTF/RUSF (country)

Descriptions during the research period

Authors (year)

Locally produced peanut-milk butter RUTF (Malawi)

Fortified cereal/nut/legume-based RUF biscuits (Indonesia)

Novel milk-free soybean-maize-sorghum RUTF (Zambia)

Cereal and pulse-based RUTF (Democratic Republic of
Congo)

RUSF from local food resources based on linear

programming, rice-lentil, chickpea-based (Bangladesh)

High-oleic RUTF (Malawi)

RUSF with whey protein and whey permeate (Malawi and

Mozambique)

RUTF from local ingredients from linear programming,
Ethiopia, Ghana, Pakistan, and India

- Nutritional situation: 2.5% of oedematous malnourished children

aged 1-3 years old in Malawi [12].

Study location: under-five children discharged from the nutrition

rehabilitation unit, Queen Elizabeth Central Hospital, Blantyre,

Malawi.

- Full-fat milk powder, icing sugar, cottonseed oil, salt-free peanut

butter were purchased locally, and the peanut-based RUTF was

produced within the local area.

Study location: under-five children were recruited in the 12

nutrition centers in southern Malawi, of which the areas were

predominantly food insecure (86% at the national level), and

relied on subsistence farming of maize and beans as food sources.

Full-fat milk powder, icing sugar, vegetable oil, and peanut butter

were purchased locally. Peanut-based RUTF was produced in

Blantyre, Malawi by Project Peanut Butter.

- Nutritional situation: after the 2007 Tsunami, the prevalence of

wasted under-five children was 11.9% on Nias Island, Indonesia.

Study location: semi-urban and rural remote regional villages

surrounding the nutrition centers, organized by the Church World

Services on Nias.

The main ingredients such as soybean and rice were locally

produced; the remaining ingredients, e.g., palm oil, sugar, wheat

flour, and peanut, were bought in local markets in Gunung Sitoli

town, Nias island.

- Nutritional situation: Based on the baseline data collection in

2017, approximately 40% of the children were stunted in the

Kadomas district, Pandegelang Regency, Banten Province,

Indonesia.

Study location: rural area with limited sources of agriculture

(mainly depending on rainfed rice fields). Agricultural products

were dominated by rice, maize, mungbean, soybean, taro, peanut,

cassava, and sweet potato.

The main ingredients were locally produced (taro, red rice,

peanut, soybean, mungbean, and banana.

- Study location: selected children admitted to two pre-schools in

Zambia.

The main ingredients, namely soybean, maize, and sorghum, were

selected as they are widely grown and consumed in Africa.

Nutritional situation: 2.2% of SAM under-five children in the

Kabare administrative zone, South Kivu, DRC.

Study location: health centers in Kabare administrative zone, a

subsistence farming system, and small-scale trading areas.

The main ingredients of SMS-RUTF, i.e., soya, maize, and sor-

ghum were procured locally. The RUTFs were produced by Valid

Nutrition in Malawi.

- Nutritional situation: 36% and 40% of Bangladeshi under-five

children suffered from WAZ and HAZ below —2 SD.

Study location: underprivileged and/or slum community [28] and

children admitted to Dhaka Hospital [29].

The main ingredients, e.g., rice, lentil, chickpea, skimmed milk

powder, soybean oil, sugar, etc., were purchased locally.

Study location: 6 clinics in rural southern Malawi.

Peanut-based RUTF was produced in Blantyre, Malawi by Project

Peanut Butter. High-oleic RUTF was developed in France.

- Nutritional situation: 40% of the under-five children were stun-
ted, with a 6.8% mortality rate.

- Study location: 18 rural sites in southern Malawi and the borders

of Mozambique.

Whey protein, permeate, and soy isolate-based RUTFs were pro-

duced in Blantyre, Malawi.

Study location: local villages surrounding two appointed/selected

health centers in the studied countries.

- The main ingredients that were used, such as,

Legume: almond (Pakistan), groundnut (Ethiopia and India), lentil

(Pakistan and India), soybean (Ethiopia and Ghana)

Cereal/grain: maize (Ghana and Pakistan), oat (Ethiopia, India)

Oil: canola rapeseed (all), coconut (Ghana and India), palm

Sandige et al. (2004) [15]

Linneman et al. (2007)
[23]

Purwestri et al. (2012)
[24], Scherbaum et al.
(2015) [20]

Fetriyuna et al. (2021) [25]

Owino et al. (2012) [26]

Bahwere et al. (2016) [27]

Ahmed et al. (2014) [28],

Choudhury et al. (2018)
[29]

Hsieh et al. (2015) [30]

Stobaugh et al. (2016) [31]

Weber et al. (2017) [32]

(continued on next page)
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Table 1 (continued)

RUTF/RUSF (country) Descriptions during the research period Authors (year)

(Ethiopia, Ghana), sunflower (Ghana and Pakistan)
Milk: different forms.

Vietnamese RUTF (Vietnam) - Nutritional situation: approximately 7.1% of Vietnamese children =~ Nga et al. (2013) [33]

under five were wasted.

Study location: two kindergartens in a rural area of North

Vietnam.

Mung and soy beans, rice, sesame, sugar, whole milk powder,

whey protein, vegetable fat, and vegetable oil were locally

available. The RUTFs were produced in accordance with local

food traditions and preferences at the factory of the Food

Technology Department of the National Institute of Nutrition,

University of Nong Nghiep, Hanoi.

Locally produced lipid-based nutrient supplement (LNS) - Nutritional situation: 35.6% and 29.1% of children in Phnom Borg et al. (2017) [34]
(RUTF/RUSF) with fish, in snack form (NumTrey Penh (Cambodia) periurban areas were stunted and underweight. Borg et al. (2018) [35]
wafer/paste RUSF and RUTF) (Cambodia) Study location: villages near the health centers of the periurban Borg et al. (2019) [36]

low-income families, Phnom Penh.

The main ingredient: small fresh-water fish was locally available

and inexpensive.

Study location: patients admitted to the outpatient department for ~ Sigh et al. (2108) [37]

SAM treatment at the National Pediatric Hospital, Phnom Penh. Sigh et al. (2018) [38]

The main ingredient: small fresh-water fish was locally available

and inexpensive.

Alternative RUTF formulations using soy, sorghum and - RUTF product development and sensory evaluation phase. Armini et al. (2018) [39],
spirulina (Italy) - The main ingredients: soy flour, sunflower oil, icing sugar, Miele et al. (2020) [40]
sorghum flour, soy lecithin, and spirulina produced in Italy.

Newly developed RUTF (Iran) About 10%, 6%, and 3% of under-five children in Iran were Azimi et al. [41]
stunted, underweight, and wasted.

Study location: six urban health centers in Shahr-e-Rey, Tehran,

Iran.

RUSF ingredients were from local foods, such as dates and

isolated soy protein, and were locally produced.

Soy-protein isolate vs. milk-based (Bangladesh) - Study location: children from urban and periurban poor areasin ~ Hossain et al. (2020) [42]
Dhaka were admitted to the Dhaka Hospital and International

Centre for Diarrhoeal Diseases Research.

Main ingredient: Soybean as the source of soy protein isolate was

locally available.

Mungbean, chickpea, and peanut were self-production; the other ~ Javed et al. (2021) [43]
main ingredients were bought in the local market.

Chickpea, mungbean, and peanut-based (Pakistan)

Note: RUTF: Ready to Therapeutic Food; RUSF: Ready to Use Supplementary Food.

title screening, 591 articles were selected for abstract assessment. 89 articles were selected for full text assessment (Fig. 1). After
applying the entry criteria, especially for articles reporting RUTF/RUSF with local food resources, the total number of papers selected
for further analysis was 25 (Table 1).

3.1. Food sources of RUTF

In the early development of RUTF/RUSF, production using local food resources in the recipes mostly consisted of peanut-milk
spread/butter, sugar, plant-based oil, and the micronutrient premix to improve the recommended nutritional composition [10,15,
44]. Afterward, the improvisation of the recipes took place using the various available food resources in the respective areas to adopt
the local familiarity and eating patterns of the target group (Table 1). RUTF/RUSF development was mostly done on two continents:
Africa (Malawi, Zambia, Democratic Republic of Congo, Mozambique, Ethiopia, Ghana), and Asia (Indonesia, Bangladesh, Pakistan,
India, Vietnam, Cambodia, Iran); hence the food sources used in the recipes were based on the study sites. The study sites in Africa and
Asia were characterized by a deprived population, lack of health services and improper hygienic sanitation practices, unfavorable
climatic conditions that caused household food insecurity, and an elevated moderate to severe acute malnutrition in children (Table 1).
In addition, two countries in Europe (France and Italy) were also involved in developing the RUTF products during its initial devel-
opment [2], and with more advanced technology [30,39]. In Africa, the ingredients are mostly combined with sorghum, maize, and
chickpea and were recently improved with the crystalline amino acid-enriched plant [45,46]. While in Asia, the combination of rice,
cereals, legumes, and animal sources [38,37] were usually used, as well as omega 3 and omega six sources [17]. The different recipes
were used in different regions, based on the locally available food resources in both Africa and Asia. The intervention using the
RUTF/RUSF made from the local food resources is presented in Table 1. This table mentioned a brief description of the research period.
Details of the program are presented in section 3.4 Program effectiveness of RUTF/RUSF provision in the community.

Typically, the initial RUTF recipes consist of 30% milk, 28% sugar, 15% vegetable oil, 25% peanut butter, and 2% vitamin and
mineral premix. Nowadays, the composition of milk may be replaced by other protein sources from freshwater fish, legumes, and
cereals, mainly due to the higher economic cost of milk and also other factors, such as lactose intolerance, milk protein allergy, and
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difficulties in handling fresh milk because of the susceptibility to microbial contamination [47]. The preparation of local commodities
to be used in RUTF and RUSF can be seen in Fig. 2.

The preparation of local food ingredients was mostly conducted by sorting and cleaning, roasting or drying; some included
dehulling, milling, and sieving. Drying, milling, and sieving are standard protocols in producing flour. The benefits of processing
ingredients into flour are its flexibility to be used in many products, a longer shelf life, and simple packaging and storage. For
freshwater fish, the crucial step of drying needs to be taken into account to prevent the loss of protein in the product. According to
Ref. [48], sun drying is the most desirable method used for fish due to protein retention.

Meanwhile, legumes are a rich source of protein, but on the other hand, they also contain a higher amount of antinutrient com-
pounds, such as phytic acid. The presence of phytic acid inhibits the absorption of certain minerals, such as iron, zinc, calcium, and

magnesium. Roasting, besides its aims in reducing moisture content, is also successfully reported to decrease the phytic acid of legumes
[49]1.

3.1.1. Carbohydrates

Carbohydrates have various functions in living organisms. Besides the energy source in the form of glucose, carbohydrates can also
be used as food reserves, for example, starch in plants and glycogen in animals. Moreover, they can also be utilized as a building
material in plants (cellulose), animals, and fungi (chitin). Carbohydrates can be grouped into two categories simple carbohydrates,
which, when ingested, are readily converted to energy, such as sugar, and complex carbohydrates, which need further steps to be used
as an energy source, such as starch [50]. Due to their function, carbohydrates are used as an energy source in treating severe acute
malnutrition children [51]. In the WHO F75, for the stabilization stage of SAM treatment, maltodextrin and lactose are used to provide
energy for undernourished children. Simple and ready-to-be-converted carbohydrates are needed because of various complications
that occur in the metabolic system of malnourished children [51]. The enzymatic hydrolysis of the ingested disaccharides into
monosaccharides, such as glucose and galactose in the small intestinal villi, fulfills the energy required. Nevertheless, the malnour-
ished children tended to exhibit a lactose intolerance condition, thus the use of lactose for nutrition intervention needs to be cautiously
monitored [52].

Meanwhile, carbohydrates are also widely used for other forms of malnutrition and nutrition deficiency conditions. In the
development of RUF, sugar or sucrose (made from glucose and fructose) is one of the carbohydrates present in almost all of the reports
related to RUF [8,15,23,24,26,28,33]. Those can be effective energy sources that can be easily digested and absorbed in the form of
glucose and delivered through the bloodstream. In addition, due to the sweet nature of sugar, it helps to increase the acceptability of
the product [53]. Sweetness is mainly preferred by children, as they are the group most vulnerable to nutritional deficiency conditions.

Ingredient H treatmem]—i—»{ output

'
'
'

' '
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Fig. 2. The common process of rutf/RUFS production.
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Therefore, the presence of sugar is essential. In addition to its function as a sweetener, sugar plays an important role in RUF product
development. For example, in cookies or biscuit products, which are the most common product developed for RUF, sugar can also help
to increase the spread ratio of cookies, increase the crunchiness of the cookies as well as the moistness within the center of the cookie
due to its ability to entrap moisture [54]. Sugar can also act as a flavor enhancer to offset the flat or bland taste of products which is
essential in the production of RUF due to the limited flavoring agents used [55].

In an extruded snack, sugar contributes in shaping the structural characteristics of the extruded product, particularly influencing
the product’s density and porosity of the composition. The presence of sugar contributes to the higher density of the product, and due
to the synergistic effect with salt, it adds to the crunchy texture of the extruded product [56]. Meanwhile, for paste and liquid food,
which is also a common form of RUF, sugar contributes to the pasting properties of the product, creating a firm and soft texture with an
emphasis on the smoothness of the paste [57]. In addition, sugar increases the viscosity of liquid food due to the hydroxyl bond that
binds water molecules to create a larger structure which affects the movement of molecules, thus increasing the viscosity of liquid
foods [58].

Furthermore, carbohydrates in foods are also commonly present in their native form, for example, rice, maize, and legumes [26,29,
33]. The traditional dietary pattern of a usually high-energy starch-based diet can be responsible for forming a habit or preference for a
certain food. In addition to its function as an energy source, starchy staple foods are used to maintain the palatability of RUF
development and can increase the level of acceptability of the new product because children are familiar with the taste of some in-
gredients used. Moreover, as staple foods, the commodity is commonly available in the area and accessible by the household.

3.1.2. Lipids

Lipids or fats are organic compounds found in tissue cells, insoluble in water but soluble in non-polar solvents. Lipids are essential
part of the body’s homeostatic function and help with some of the most critical processes in the body. Lipids include fats and oils called
triglycerides, phospholipids, waxes, and steroids. Triglycerides store energy, insulate cells and help absorb fat-soluble vitamins.

Even though the intake of lipids creates a critical discussion regarding weight gain and other health issues [59], the presence of
lipids in the human diet is essential due to their various critical functions, including the treatment of malnourished children with
lipid-based nutrient supplements which are divided into three categories and ready-to-use therapeutic foods that are usually prescribed
for severe acute malnutrition treatment [60]. This category of supplementation is given in large doses because it is the sole source of
energy for malnourished children. The second category is fat-based supplements or ready-to-use supplements in moderate amounts.
This category can be used to treat severe acute malnutrition or to prevent wasting or growth retardation due to difficulties in obtaining
food at certain times of the year. This category is designed to provide approximately 50% of the energy intake. The third category is
low-level lipid-based supplements. This category has been used to prevent wasting and stunting in infants and children and accounts
for less than 50% of their energy intake [60].

Lipids in the form of oil are the most common ingredient in nutrition supplementation. Providing high-energy-density products
requires oil that contributes to the replenishment of energy. Together with a carbohydrate source, lipids will provide energy, and assist
the transport of lipid-soluble micronutrients fortified in the product. Providing lipid-based dietary supplements improves recovery
rates compared to specially formulated foods [61]. In addition, fatty acid as a significant component of triglyceride is limited in
children with malnutrition, which can be observed in skin conditions, limited growth rate, an increase of infection, and the hampering
of the child’s development [62]. Therefore, numerous studies on nutrition intervention for different categories of malnourished
children have included oil as an essential part of the formulation, such as cottonseed oil [15], vegetable oil [8,23,33], palm oil [20,30,
24,27,31,32], soybean oil [28,29,31,32], linseed oil [30,27], canola oil [37,32], rapeseed oil [27], coconut oil [32], and sunflower oil
[39,32,40]. Different sources of oil provide specific configurations of fatty acids, which can be chosen according to the locally available
commodities and the specific fatty acid needed.

Furthermore, oil is critical for producing ready-to-use therapeutic food (RUFT), which are lipid-based emulsions containing
cooked, dried ingredients suspended in an oil matrix [63]. Meanwhile, oil within the RUF formulation is responsible for the moistness
of cookies [64] and provides a cake-like crumbly texture preferred by children. The existence of oil can retain the gas produced during
dough preparation and baking and, therefore, creates a crumbly and moist texture [65]. In addition, oil also provides viscous texture
and smoothness to the paste product [66].

3.1.3. Plant and animal protein (specific amino acid)

The plant protein consumed is mainly derived from vegetable proteins, such as cereals, tubers, vegetables, beans, and fruits.
Proteins obtained from plants can be separated from other components called protein concentrates and isolates. Concentrates have a
protein content of at least 70%, whereas protein isolates must contain more than 90% of protein from dry ingredients. Bean protein
concentrates, or isolates are obtained by depositing proteins at their isoelectric point. Some researchers set their isoelectric point at pH
3.7-5.5 to produce different yields and characteristics [67]. The use of temperature and extraction time variations [68] and acid type
[69] in protein isolation techniques determine the functional characteristics and properties that protein isolates produce.

For the animal protein source, such as whey protein from cow milk, some researchers have found that whey protein substances are
rich in amino acids and its composition milk is about 20%. Whey protein contains various essential amino acids, such as isoleucine,
leucine, arginine, valine, lysine, and cysteine. In addition, whey is very easy to digest, so it can increase the concentration of amino
acids in plasma and accelerate protein synthesis by body tissue. This good-quality protein can trigger the synthesis of hemoglobin [70].
Whey protein is also used to increase biological value, develop physical properties, texture or function, improve sensory properties, as
a formulation of high-protein or low-lactose food products as well as the formation of structures in food products, including emergency
food [71,72].
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Protein in RUF formulation should be high in amino acids (AA), whether naturally synthesized by the body or not. The criteria for
high protein biological value is generally determined by the digestibility and composition of amino acids content in a product [73].
Protein is categorized as the primary nutrient required for growth and development, especially in children and older people [70].
Protein food for children contains a standard protein of 7.5% of total energy, while high-protein food contains up to 15% of total
energy [74].

Various protein-rich food products were developed, such as baked goods, snacks, sport drinks, and even as an additional component
in ready-to-used food (RUF) for children [75,76]. Intermediate Moisture Food (IMF) is a product that is highly recommended as a high
protein food because it has a soft texture and moisture content of 10-40% and a value of water activity (Aw) around 0.60-0.85, making
microbes unable to thrive [77].

It is necessary to provide the particle size of the powder ingredient, which is less than 200 pm, to ensure the stability of the mixture
and avoid segregation during the process and storage. According to Ref. [78], the homogenous particle size is essential to the mixture
quality. Moreover, the particle size also affects the quality of the final product; for example, biscuits or cookies are one of the most
commonly used products for RUTF. A study on the development of gluten-free cookies from maize flour indicates that the smaller
particle size could improve the water-holding capacity and swelling power of the dough, as well as increase the cohesiveness of the
dough, thus producing a more robust structure of cookies [79].

The efficacy of plant-based RUTF can be attained by improving the quality of protein and amino acid balance through the
augmentation of crystallized amino acids. This notion is supported by the comparable results in recovery rates of most plasma essential
amino acids (except methionine and tryptophan) after discharge. The efficacy of amino acid-enriched plant-based (soy, maize, and
sorghum) RUTF treatment is not inferior to peanut-milk RUTF treatment in reestablishing plasma amino acid concentrations in SAM
children with oedematous or non-oedematous malnutrition [45]. An efficacy study of the plant-based RUTFs (with or without milk) in
Malawi showed both were as efficacious as PM-RUTF in the treatment of patients with SAM in terms of recovery rates and were more
efficacious in alleviating anemia and restoring body iron stores in children aged 6-59 months suffering from oedematous and
non-oedematous malnutrition [46,80,81].

Since RUTE/RUSEF is for the treatment of children with severe acute malnutrition and moderate acute malnutrition, its toxicity [25]
should be considered. Legumes and cereals are not only good sources of macronutrients and micronutrients but also have substantial
anti-nutritional factors. Common anti-nutritional factors that can be found in edible plants are saponins, tannins, phytic acid, gossypol,
lectins, protease inhibitors, amylase inhibitor, and goitrogens. Anti-nutritional factors might cause micronutrient malnutrition and
mineral deficiencies due to reduced nutrient bioavailability. Several traditional methods and technologies can be applied to decrease
the concentrations of these anti-nutritional factors. Techniques and methods such as fermentation, germination, debranning, auto-
claving, soaking, etc., are commonly used to reduce the anti-nutritional levels in foods. However, human consumption is often varied
in terms of composition and time and increasingly involves highly processed food. On the other hand, a number of antinutrients have
been shown to possess beneficial properties, for example, anticancer and antimicrobial effects. Finding alternative food crops less
prone to mycotoxin contamination, such as root and tuber crops, due to how they are used in culinary preparation, should be taken into
consideration, especially for infants and young children [82].

Legumes, beans, and especially peanuts, can be contaminated by aflatoxins, which may increase the risk of liver cancer, impaired
immune function, and malnutrition [82,83]. In application, the legumes and beans were milled/ground and roasted to avoid
contamination [8,20]. However, if locally produced peanuts used in the RUTF/RUSF formulation are stored in non-safe conditions, it
can increase the contamination risk connected to the presence of aflatoxins. Moreover, peanuts contain potent allergens, which may be
enhanced further during cooking [84]. Consumption of aflatoxin can result in hepatic oxidative stress, and predispose the individual to
hepatic cancers. RUTF should conform to international standards for maximum aflatoxin content, 10-20 ppb [8]. Very high doses of
aflatoxin can produce acute intoxication [85]. Moderate doses may depress child growth [86].

Malnutrition can be associated with diarrhea and intestinal inflammation, leading to increase permeability and the release of
bacterial endotoxins into the bloodstream [87-89]. Milk with whey protein as one of its components and soybean are common protein
sources in RUTF/RUSF. A quality protein to some extent can contribute beneficial effects for intestinal inflammation. Glutamine and
whey protein, have been shown to help restore gut integrity and reduce gut permeability, thus reducing the release of endotoxins and
inflammation [90]. Furthermore, whey and soy protein can produce anti-inflammatory effects by decreasing the levels of IL-6 and
TNF-a in the bloodstream [91]. However, to prevent excessive protein intake, which could harm health by fostering pathogens and
protein-fermenting bacteria, it is recommended to have a diet with an appropriate ratio of protein to carbohydrates [92]. Furthermore,
it has been proposed that lower consumption of essential amino acids (AAs) reduces linear growth because the AAs regulate the
mechanistic target of rapamycin (mTOR) signaling pathway [93]. Activation of the mTOR pathway is essential for cellular growth and
metabolic processes [94].

3.1.4. Micronutrients (vitamins and minerals)

Suboptimal nutritional status is caused by a lack of intake, absorption or use of one or more vitamins or minerals called micro-
nutrient deficiencies. Excessive intake of some micronutrients may also result in adverse effects. The international community has
focused on several micronutrients that remain issues globally, including iron, zinc, vitamin A, folate, vitamin B12, and iodine, as they
are the most difficult to satisfy without diverse diets. One general indicator of micronutrient deficiencies is anemia, as this syndrome is
caused by the deficiency of many of them, and its effects are exacerbated by several diseases.

Nutrient deficiencies have been recognized as playing an important role in limiting growth since children who are lacking of energy
and protein are usually also deficient in other essential minerals (e.g., iron, zinc, iodine, potassium, magnesium, calcium), vitamins (A,
C, E, D) and essential fatty acids, which are largely responsible for growth failure and increased proneness to infectious diseases [95].
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The development of RUTF/RUSF production method and technology.
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Year Authors Local ingredient Additional Formulation Mixing Processing Quality parameter
ingredients method
2004  Sandige Full-fat milk Mineral and Manual Mixing the Paste  — Nutritional composition
etal. [15] powder, icing sugar,  vitamin mixture (macronutrient), aflatoxin,
cottonseed oil, salt- and microbial contamination
free peanut butter
2006  Manary M.J Milk powder, sugar, = Powdered Manual Mixing the Paste ~ — Choice of ingredients,
[44]. peanut butter, vitamins and Nutritional composition
vegetable oil minerals (macronutrient), Aflatoxin
contamination, Bacterial
contamination, Prevention of
oxidation, Composition of
RUTF, Costs, and
sustainability
2007  Linneman Peanut butter, Vitamin and Manual Mixing the Paste  — Nutritional composition
et al. [23] sugar, full-cream mineral (macronutrient), bacterial
milk, vegetable oil supplement contamination, aflatoxins
2012 Owinoetal.  Soybean, maize and  Vitamins and Linear Extrusion - Storage stability,
[26] sorghum, oil and mineral premix Programming continue with microbiological
sugar (LP) using mixing contamination, peroxide
Microsoft Excel value, aflatoxin
software contamination, nutritional
composition (macro and
micronutrient)
2012  Purwestri Wheat flour, Micronutrient Manual- Mixing the Baking, t = 15 Nutritional composition
et al. [24] peanut, refined powder Nutrisurvey dough of the min
sugar, palm oil, egg biscuit T =150-180 °C
yolk and white,
soybean or
mungbean
2013 Ngaetal. Mung and soybeans,  Micronutrient Manual Mixing Pressing Nutritional composition
[33] rice, sesame, sugar, premix (compressed (macro and micronutrients),
whole milk powder, bar) Omega-3 and Omega-6 fatty
whey protein, acids
vegetable fat,
vegetable oil
2014 Ahmed Rice, lentil, Micronutrient Linear Roasting rice, - Microbial contamination
et al. [28] chickpea, dried premix programming lentil/chickpea (total viable count, yeasts,
skimmed milk and continue molds, Coliforms, Escherichia
powder, sugar, mixing with coli, Bacillus cereus,
soybean oil ingredients Staphylococci,
Listeria monocytogenes,
Cronobacter sakazaki),
chemical properties (ph,
water activity, moisture,
peroxide value, total
aflatoxin), nutritional
composition (protein, fat,
energy, carbohydrates) and
micronutrient composition
(vitamins, and minerals),
storage stability
2015  Scherbaum Peanut milk-based: Vitamin mineral Manual- Mixing the Baking, t = 15 Nutritional composition
et al. [20] Peanut, palm oil, mix Nutrisurvey dough of the min
refined sugar, biscuit T =150-180 °C
skimmed milk
powder/whole milk
powder,
Cereal/nut/legume-
based: wheat flour,
peanut, refined
sugar, palm oil, eggs
(yolk and white),
and soybean/
mungbean
2015 Hsieh et al. Skimmed milk, Micronutrients No information Mixing - Aflatoxin, microbial
[30] sweet whey, and contamination, fatty acid
peanuts, linseed 0il,  monoglyceride analysis, saturated fat,

palm oil, soy oil,

monounsaturated fat, ALA («

(continued on next page)
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Year Authors Local ingredient Additional Formulation Mixing Processing Quality parameter
ingredients method
sugar, and and diglyceride -linolenic acid), LA: linoleic
maltodextrin emulsifier acid, LA: ALA ratio
2016  Bahwere Dehulled soybean, Vitamins and Manual (USDA Mixing the paste  — Nutritional composition
et al. [27] degerminated mineral premix food (macro and micronutrients),
maize, sorghum composition amino acid profiles
(white, whole Database)
grain), dried skim
milk, sugar, peanut
paste, palm oil,
linseed oil, palm
stearin
2016  Stobaugh Peanut paste, sugar,  Micronutrient No information ~ Mixing - Aflatoxin and microbial
etal. [31] extruded soy flour, mixture, Mono- contamination, nutritional
whey permeates, and diglycerides composition (macro and
whey protein micronutrients), antinutrient
concentrate (WPC) (Phytic acid), DIAAS,
80, palm oil, soy oil, Digestible Indispensable
Amino Acid Score, PDCAAS,
Protein
Digestibility-Corrected
Amino Acid
2017  Weberetal.  Peanuts, legumes Vitamin mineral Linear Mixing Extrusion Nutritional composition
[32] (almond, powder and programming (macro and micronutrients),
groundnut, lentil, emulsifier water activity, and ph.
soybean), cereal/
grain (maize, oat),
milk powder (acid
whey, non-fat dry,
whey protein
concentrate/WPC
34 and 80, refined
vegetables oil
(canola rapeseed,
coconut, palm,
soybean,
sunflower), sugar
2018 Choudhury Rice, lentil, Soy lecithin, Linear Roasting, - Microbial contamination
et al. [29] chickpea, dried vitamin mineral programming particle size (total viable count, yeasts,
skimmed milk premix reduction, molds, Coliforms, Escherichia
powder, sugar, homogeneous coli, Bacillus cereus,
soybean oil blending, Staphylococci,
and packaging Listeria monocytogenes,
Cronobacter sakazaki),
chemical properties (ph,
water activity, moisture,
peroxide value, total
aflatoxin), nutritional
composition (protein, fat,
energy, carbohydrates) and
micronutrient composition
(vitamins and minerals)
2018  Sighetal. The indigenous Micronutrient Manual Mixing Extrusion and Organoleptic assessment,
[37]1 small freshwater premix baking (wafer) nutritional composition,

fish species,
mungbean, rice,
soybean, icing
sugar, canola oil,
maltodextrin, palm
vegetable
shortening,
desiccated coconut,
rice bran, vitamin
and mineral mix,
rice flour, duck egg,
refined sugar,
coconut, salt,
vanilla or sesame
seeds, cooking oil

10

microbial contamination

(continued on next page)
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Year Authors Local ingredient Additional Formulation Mixing Processing Quality parameter
ingredients method
2018 Armini et al. sunflower oil, Soy lecithin Response Mixing - Particle size distribution,
[39] dehulled and surface method viscosity, water activity, and
roasted sorghum optimization formula
and soy flour, icing
sugar, dried
microalgae
Spirulina
2019  Borgetal. Rice, small Multiple Manual Mixing Baking (wafer) Nutritional composition,
[36] freshwater fish, soy, micronutrients microbial contamination
and mung beans,
oil, sugar, coconut
2020 Miele et al. Sunflower oil, Soy lecithin Response Mixing - Particle size distribution,
[40] dehulled and surface method viscosity, oxidation indexes,
roasted sorghum water activity, sensory
and soy flour, icing evaluation (nonoral
sugar, dried evaluation and customer
microalgae test), volatile compound
Spirulina
2020  Azimi et al. Soy protein isolate, Micronutrient Manual Mixing - Quality control of the
[41]. whey protein, egg premix product, microbial and
white, dates, aflatoxin contamination
vegetable oils,
sugar, starch
2020  Hossain Skim milk, soy Mineral vitamin Manual Mixing - Nutritional composition
et al. [42] protein isolate, mix (macro and micronutrients)
sugar, vegetable oil,
peanut paste
2021  Javed et al. Mungbean (Vigna Vitamin/mineral Manual Mixing - Microbiological analysis,
[43] radiatus) chickpea premix water activity, peroxide
(Cicer arietinum) value, thiobarbituric acid
and peanut (Pyrus (TBA) value as well as color
communis), sugar, analysis
vegetable oil, and
milk powder
2021  Fetriyuna Taro (Xanthosoma Vitamin/mineral Manual- Mixing the Baking, t =15 Nutrient composition (macro
et al. [25] undipes K. Koch), premix Nutrisurvey biscuit dough min and micronutrients),
red rice (Oryza T =150 °C physical properties (color
sativa), maize (Zea and dimension) sensory
mays), peanut evaluation test (seven-point
(Arachis hypogaea), hedonic scale)
mungbean (Vigna
radiata), banana
(Nangka)
(Musa textilia)
2022 Yazew. Y maize (Zea mays L.), Vitamin/mineral Manual Mixing mixtures of Proximate, minerals,
[10117) soybeans (Glycine premix germinated and antinutrition factors, sensory
max), and banana nongerminated evaluation
(Musa spp) corn raw
kernels, soybeans,
plantain fruits,
soybean oil,
minerals, and sugar
as sweeteners.
2022  Hadi et al. Soybean, milk vitamin/mineral, Manual Mixing ball mill refiner Macro nutrient and micro
[102]8) protein concentrate beta-alanine, at the nutrient (Vitamins such as
corn flour, sugar arginine temperature of ascorbic acid, thiamine, folic
cacao butter, 45 °C, acid, and retinol), sensory
Nigella sativa, and evaluation
sesame seeds
2022  Adewumi Bambara Bambara SuperPro Mixing baked in a pre- Physical Properties
et al. [103] groundnut, Moringa  groundnut- designer heated oven at (Morphology, Water
9 oleifera leaf protein ~ Moringa oleifera (Version 9) 160 °C for 30 Activity, color, texture),
isolate, millet, leaf protein min Nutritional(Amino acid,
melon seed (egusi), complex Minerals), Proximate
oat, cocoa powder, (BAMOLP) Composition and sensory

icing sugar, canola
oil, and honey

11
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Table 2 (continued)

Year Authors Local ingredient Additional Formulation Mixing Processing Quality parameter
ingredients method
2023  Akande Dried migratory Vitamin/mineral Manual Mixing Proximate composition,
etal. [104] locust (Locusta premix energy and total sugars,
0) migratoria), peanut, minerals, vitamin, amino
Skimmed milk, acid profiling,
icing sugar, soybean Phytochemical compositions
oil Antioxidant activity

Note: RUTF: Ready to Use Food; RUSF: Ready to Use Sulementary Food; USDA: United State Department of Agriculture.

The vitamins are divided into two groups, fat-soluble vitamins (A, D, E, and K) and water-soluble vitamins (B and C). Vitamin A is a
necessary micronutrient in the diet for vision, growth, tissue differentiation, reproduction, and maintenance of the immune system.
Carotenoids, present in fruits and vegetables, are widely believed to protect human health. Vitamin B1 (Thiamine) is found in nature in
animal organisms, plants, and microorganisms. The most important sources of vitamin B1 are grain products (whole grain products,
especially oatmeal), legumes, potatoes, and meat [96]. Grains and potatoes are frequently consumed as staple foods globally, often in
larger quantities per meal. Various legumes and meat are classified as essential sources of dietary protein.

Dietary minerals are the chemical elements required by living organisms, other than the four elements carbon, hydrogen, nitrogen,
and oxygen, present in common organic molecules. Appropriate intake levels of certain chemical elements are thus required to
maintain optimal health. Essential macro minerals are minerals that the body needs in significant quantities, such as calcium, and this is
usually measured in milligrams. In the other hand, essential trace minerals are minerals that are needed in minute quantities, and this
usually measured in micrograms. These essential minerals are crucial to the growth and production of bones, teeth, hair, blood, nerves,
skin, vitamins, enzymes, and hormones; and the healthy functioning of nerve transmission, blood circulation, fluid regulation, cellular
integrity, energy production, and muscle contraction. Minerals are more resistant to manufacturing processes than vitamins. However,
in the cooking process, mineral availability and absorption are also affected as foods are cooked, processed, and refined, and many
naturally occurring minerals in food are lost. In contrary to vitamins, minerals are very stable under extreme processing conditions,
including heating and storage [25,97].

3.2. The principle of RUTF/RUSF production

The formulation of the RUTF/RUSF was initiated with the preparation of ingredients to meet the standard for SAM and MAM
children using nutritional composition prediction. The local production of RUSF/RUTF follows the principles of specific mixing
procedures that combine different phases of liquid and dry/powder ingredients separately. Usually, liquid ingredients contain lipids
and a small quantity of the protein, while powder ingredients consist of carbohydrates, protein, and vitamin and mineral premix. In
principle, the liquid and dry ingredients are individually stirred. This initial step sometimes requires heating to achieve a homogenous
mixture. During vigorous stirring, the powdered ingredients are added to the liquid ingredients and are continuously stirred for several
minutes (Fig. 2).

Fig. 2 shows that the outcome of RUTF/RUSF production can be divided into two categories, namely, baked-based products, such as
wafers, biscuits, and bars, and also mixed-only products, such as paste or dough. Baked-based products have been widely applied in
RUTF/RUSF production because of the preparation simplicity, longer shelf life, easy packaging, and distribution, and they are also
preferred by children, who are the most vulnerable group to micronutrient deficiency. Meanwhile, the paste is chosen especially for
children who need assistance in consuming food due to their age or individual condition. The paste products are fresh and easily made
for consumption.

Both outcome categories need proper packaging and storage to maintain the quality of the finished product. Baked products, due to
their nature of low moisture content, should be kept in an air-tight packed container because of the hygroscopicity nature of the
product [98]. Proper packaging and storage keep the product from direct contact with the environment which could lead to moisture
absorption. The excess water absorption in the products contributes to a negative impact on the texture and shelf life of the product.
The higher moisture content of the product is strongly correlated with the growth of unwanted microorganisms, which can shorten the
shelf life of products [99]. Meanwhile, for paste and dough, the shelf life will not be as long as the baked products due to higher
moisture content. In addition, the higher content of lipids in paste and dough will increase the susceptibility of the product to oxidation
caused by overexposure to oxygen and the presence of light. The lipid oxidation was responsible for the unpleasant taste and rancid
aroma of the product [100].

3.3. The accessibility of technology in RUTF/RUSF production

For the program sustainability in the treatment of SAM and AM children regarding the production of RUTF/RUSF, it is necessary to
ensure the accessibility of technology in RUTF/RUSF production. Table 2 shows the development of RUTF/RUSF production in terms
of technology used in the formulation and processing, local food utilization, specific nutrient premix, and measured quality
parameters.

Undernourishment is more prevalent in developing countries where the majority of people have low level of education and poor
economic status, simple technology is more appropriate than sophisticated equipment or machinery. For a small production of RUTF/

12
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Table 3
Relevant program outcomes of the provision of RUTF/RUSF.
Group assignment Entry and discharge Weight gain Recovery rate, Mortality =~ Compliance/acceptance References
criteria rate, or Default rate and length of stay in the
program (in days)
Locally produced RUTF: Entry: Locally produced RUTF: Recovery rate: - Compliance rate: Sandige

135 children
Commercially/
imported RUTF: 125
children

Only Targeted
Children with HIV-
Negative:

99 locally produced
RUTF

83 Commercially/
imported RUTF

51 Daily Program;
48 Weekly Program

34 Daily Programs
20 Weekly Programs

Children who were not
hospitalized with
malnutrition were
eligible if they were
referred from the
outpatient department
for the treatment of
malnutrition with either
edema or a weight-for-
height Z score < —2
(WHZ)

Discharge:

Children completed the
study when they reached
a weight-for-height Z
score > —0.5 (WHZ),
relapsed, died, or failed
to achieve WHZ > —0.5
after 16 weeks.

Entry:

In semi-urban areas, 51
children aged >6 to <60
months old, with weight-
for-height (WHZ) > -2 to
< -1.5 SD WHO 2006
standard reference data
and no congenital
disability or disease that
could limit the ad libitum
food intake, were
continuously recruited
from the existing
community-based
screening programs in
the Church World
Service project area, and
assigned to the Daily
Programs. Forty-eight
children in remote rural
regions were allocated to
Weekly Programs.
Discharge:

The individual discharge
criterion of the programs
was WHZ > -1.5 SD.

Entry: aged >6 to <60
months with weight-for-
height z-score (WHZ) >
—3to < —2 SD were
recruited

Discharge:

The individual discharge
criterion was WHZ >
—1.5SD.

5.2 + 4.6 g/kg/day
Imported RUTF: 4.8 + 4.0
g/kg/day

Only Targeted Children
with HIV-Negative:
Locally produces: 5.6 +
4.6

Imported RUTF: 5.5 + 3.8

Weight gain of the
children in Daily Programs
was higher (3.1 + 3.6 g/
kg/day) than in Weekly
Programs (2.0 + 2.1 g/kg/
day),

Weight gain:

Daily Programs:

+3.9 + 3.8 g/kg/day
Weekly Programs:
+2.0 £ 2.0 g/kg/day,

13

80% percent of those
receiving locally
produced RTUF and
75% of those receiving
imported RTUF reached
WHZ > —-0.5.
Mortality rate:

HIV negative:

Locally produced RUTF
= 3% of death/failure
Imported RUTF 2% of
death/failure

HIV positive: 30% of
death/failure

Default Rate:

91% of all children
maintained a normal
WHZ

Recovery Rate:

Of the 76 children who
reached the discharge
criterion (WHZ > -1.5
SD), 47

(27 children in Daily
and 20 children in
Weekly Program) were
followed up on average
after 4.9 months (data
not shown).

Mortality Rate:

No information

Recovery rate (Children

who reached discharge

criterion):

Daily Program = 76.5%

Weekly Program = 35%

Mortality Rate

(Children with illness

during the program

period)

Daily Program

- Diarrhea: 11.8%

- Respiratory infection:
58.8%

- Fever: 11.8%

Weekly Program

- Diarrhea: 20%

- Respiratory infection:
35%

- Fever: 20%

HIV negative:

Locally produced RUTF
= 95%

Imported RUTF = 95%
HIV positive: 59%

- Length of stay: 180
days/six months

Compliance Rate:

Of the index children
admitted in Daily
Programs (n = 51), 80.4%
reached target WHZ,
which was higher than in
Weekly Programs (72.9%;
n = 48)

Amount consumption of
the RUTF:

Daily Programs enabled
supervision and
monitoring of onsite
consumption of 30-40%
of the daily portion of
RUF-Nias biscuits, in
contrast to only about
5-10% portion in the
Weekly Programs.
Length of stay:

Similar length of stay of
about 32 days,

Each program:

Daily Program = 42.7 +
36.5

Weekly Program = 43.5
+31.3

RUTF Intake:

Daily Program: 83.3 +
32.6

Weekly Program: 78.4 +
33.0

Length of stay:

Daily Program: 51.2 +
40.0

Weekly Program: 61.8 +
35.1

et al. (2004)
[15]

Purwestri
et al. (2012)
[24]

Purwestri
et al. (2013)
[110]

(continued on next page)
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Group assignment Entry and discharge Weight gain Recovery rate, Mortality =~ Compliance/acceptance References
criteria rate, or Default rate and length of stay in the
program (in days)
29 Peanut/Milk-based Entry: Weight Gain Recovery Rate: Compliance >80%: Scherbaum
spreads (PM-S) Moderately and mildly PM-s: 1.01 (0.43, 2.36) PM-S: 62 [18] PM-S: 45(13) et al. (2015)

44 cereal/nut/legume-
based biscuits (CNL-B)
38 cereal/nut/legume-
based biscuits whose
mothers received
intensive nutrition
education (CNL-B +
INE)

1103 P-RUTF
824 SMS-RUTF

445 SMS-RUTF
441 P-RUTF

13 panels from Dhaka
Hospital for the
development of RUTF

wasted children with a
weight-for-height z-score
(WHZ) > -3 to < -1.58D,
aged >6-60 months and
with no sign of
congenital disabilities or
disease which would
limit the food intake
Discharge:

They were individually
discharged after
reaching WHZ > —
1.5SD.

Entry: Children aged
6-59 mo; have been
diagnosed suffering from
SAM (MUAC <11 cm;
pitting edema grade 1
(+) or grade 2 (++)
without complications of
the 24 HCs (lost appetite,
dehydration)

Excluded:

SAM children w/
complications; relapse;
refused transfer

Entry:

Children w/MUAC <115
mm; good appetite; no
medical complication:
and those with bilateral
pitting edema assessed
as + or ++ who also had
a good appetite and no
medical complication.
Excluded: bilateral
pitting edema assessed as
+-++ degree or with any
medical complication
was referred to the
participating inpatient

Entry for Development
RUTE:
Not directly involved

CNL-B: 1.76 (1.12, 2.79)
CNL-B + INE: 2.31 (1.64,
3.26)

Weight Gain P-RUTF (95%
CI) in g/kg/day:

All forms of SAM:

3.2 (2.9, 3.5)
Non-oedamatous cases: .5
(4.0, 5.0)

Oedamatus cases: 2.6 (2.2,
2.9)

Weight Gain SMS-RUTF
(95%CI) in g/kg/day:

All forms of SAM:

2.2 (1.9, 2.5)
Non-oedamatous cases: .
3.4(28,4.1)

Oedamatus cases: 1.7 (1.4,
2.1)

Children in the SMS-RUTF
arm had a lower weight
gain than those in P-RUTF
arm (p = 0.007) in both
oedematous (p = 0.018)
and non-oedematous (p =
0.091) cases. There was no
statistically significant
interaction between
weight gain and other
baseline variables.

Weight gain: margin 1.2
g/kg/day

14

CNL-B: 84 [31]
CNL-B + INE: 79(30)

Recovered:

P-RUTF: 671/1103
(60.8%)

SMS-RUTF: 439/824
(53.3%)

Mortality Rate:
P-RUTF: 138/1103
(12.5%)

SMS-RUTF: 113/824
(13.7%)

Default Rate:
P-RUTF: 278/1103
(25.2%)

SMS-RUTF: 233/824
(28.3%)

Children aged 24-59
months

SMA-RUTF:
Recovery rate: 83.3%
Mortality rate: 1.7%
Default: 7.8%
P-RUTF:

Recovery rate: 90.3%
Mortality rate: 0.4%
Default: 7.6%
Children aged 6-23
months

SMA-RUTF:
Recovery rate: 54.3%
Mortality rate: 3.4%
Default: 24.5%
P-RUTF:

Recovery rate: 75.1%
Mortality rate: 1%
Default: 15.7%

Favorable rate:
18/30 children (60%)
liked rice-lentil, and 20/

CNL-B: 86(38)

CNL-B + INE: 84 [25]
Children in CNL-B
programs showed a
significantly higher
frequency of high
compliance (>80%) to
the RUF (86% and 84%
vs. 45%, p < 0.001)
Length of Stay:

PM-S: 25.3 (17.5, 36.5)
CNL-B: 32.9 (25.4, 42.6)
CNL-B + INE: 29.6 (20.8,
42.6)

The median length of stay
for children recruited into
the P-RUTF arm was 35
days (23-49 days), and
for SMS-RUTF, it was 35
days (21-56 days), For
those who were
discharged as recovered,
the median length of stay
was 35 days [23-29,
31-38,40-43,47-52] and
47 days [23-29,31-37,
40-43,47-70] for those in
the P-RUTF arm and those
in the SMS-RUTF,
respectively (p < 0.001).

- RUTF intake:
Children aged 6-23
months

SMS-RUTF: 183.2 g/day
(76.3%)

P-RTF: 207.8 g/day
(76.4%)

Children aged 24-59
months

SMS-RUTF: 243.8 g/day
(86.8%)

P-RTF: 272.2 g/day
(77.9%)

- Acceptability rate:

A dislike of the RUTF
among those who
defaulted

SMS-RUTF: 19.2% (14/
73)

P-RUTF: 13.3% (6/45)

- Length of stay: 14 days
Amount consumed g
(mean + SD):

Rice Lentil-RUSF: 23.8 +

[20]

Irena et al.
(2015)
[113]

Bahwere
et al. (2016)
[27]

Ahmed et al.
(2014)
[28]
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Group assignment Entry and discharge Weight gain Recovery rate, Mortality =~ Compliance/acceptance References
criteria rate, or Default rate and length of stay in the
program (in days)
90 Children aged 6-18  with the present study 30 (66%) preferred 14
months for Entry for Acceptability chickpea-based RUSF. Chickpea RUSF: 28.4 +
Acceptability Trial (30  Trial: age 6-18 months, In the Pushti packet 15
for Rice-Lentil based started semi-solid food group, only 12/30 Pusthi Pucket: 17.1 + 14
RUSEF; 30 for Chickpea  Discharge (40%) caregivers (40.8 + 35%)
RUSF,; 30 for Pusthi Involved in other studies, reported that their Percentage of food
Pucket) not available, Age >18 children liked the consumed from offered
months, refused, the supplement. food:
child is sick, weight-for- Rice Lentil-RUSF: 47.2 +
age or weight-for-height 28
Z-score was < —3 if they Chickpea RUSF: 56.7 +
had any acute illness or 31
features suggestive of Pusthi Pucket: 34.4 + 28
any chronic disease such Feeding time (minutes)
as tuberculosis, any Rice Lentil- RUSF: 23 +
congenital anomalies 10
such as trisomy 21, cleft Chickpea RUSF: 20.7 +
lip, or palate. 10
Pusthi Pucket: 20.4 + 7
1438 Control Group Entry: Weight gain kg/months, in ~ Mortality: Length of stay: 540 days/  Christian
1492 Plumpy doz Infants were enrolled at mean (SE) 39 children died after 18 months et al. (2015)
group six months Control: 0.24 (0.01) enrolment, mortality [116]
825 Rice lentil group Discharge: Plumpy doz: 0.28 (0.01) rate <1%
843 Chickpea group Not met/not into; Rice Lentil: 0.26 (0.01)
851 WSB++ group refused; the child died; Chickpea: 0.28 (0.01)
aged out at seven WSB++: 0.26 (0.01)
months, permanently Treatment effect b (95%
moved. Cn
Control: Plumpy doz: 0.03
(0.02, 0.05)
Rice Lentil: 0.02 (0.003,
0.04)
Chickpea: 0.04 (0.02,
0.05)
WSB-++: 0.01 (—0.002,
0.03)
70 RUTF Entry: Weight gain after four Recovered: Acceptance: Hsieh et al.
71 HO-RUTF Having a mid-upper arm weeks, in g/kg/day: RUTF: 50/70 (71%) Likeability on the first (2015)
circumference <11.5 cm RUTF = 2.0 + 2.6 HO-RUTF: 48/71 (68%) day for the first and [30]

and/or bilateral pitting
edema, who qualify for
community-based
management of SAM.
Appetite was assessed by
giving the child 30 g of
RUTF and requiring him/
her to consume it within
20 min.

Excluded:

Exclusion criteria were
treatment for SAM in the
previous six months, the
presence of a chronic,
debilitating condition
such as cerebral palsy,
congenital heart disease,
or peanut allergy. HIV
infection was not an
exclusion criterion.

HO-RUTF = 2.8 + 3.1

15

Mortality Rate:

RUTF: 5/70 (7%)
HO-RUTF: 1/71 (1%)
Defaulted/remained
malnourished:

RUTF: 9/70 (13%)
HO-RUTF: 19/71 (27%)

second components
showed a score of 5, the
highest on the scale, for
64/74 participants
receiving RUTF and 59/
74 receiving HO-RUTF (p
= 0.38). On the fourth
day of the acceptability
survey, in the second
component of the trial, all
participants reported a
likeability score of 5.
During the first activity of
the acceptability trial,
children consumed 30 g
of standard RUTF in 9.3
min and 30 g of HO-RUTF
in 12.3 min. In the second
activity, standard RUTF
and HO-RUTF
consumption took 10.4
and 12.8 min,
respectively. The amount
of food remaining at the
end of the taste test was
greater among the HO-
RUTF food taste testers
than standard RUTF

(continued on next page)
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Group assignment

Entry and discharge
criteria

Weight gain

Recovery rate, Mortality
rate, or Default rate

Compliance/acceptance
and length of stay in the
program (in days)

References

1144 for whey RUSF
group; 1086 for soy
RUSF group

61 BP-100
60 NumTrey

105 M-RUTF
108 Soy-RUTF

Entry:

Children aged 6-59
months with MAM, as
defined by a mid-upper
arm circumference
(MUAC) of 11.5-12.4 cm
without bipedal edema
Discharge:

Having continued MAM,
developing SAM (MUAC,
11.5 cm and/or bipedal
edema), dying, or
defaulting (failing to
return for three
consecutive visits).

Entry:

Aged 6-59 months with
SAM (WHZ < —2.8 and/
or MUAC <115 mm,
and/or presence of
nutritional edema); pass
an appetite test
Excluded:

Uncontrolled or
untreatable systemic
opportunistic infection,
severe cerebral palsy,
apparent dysmorphic
features, general mental
health problems, or
participation in other
clinical trials.

Entry criteria Children
(both boys and girls)
with SAM defined by
WHZ < -3 of
WHO—2006 standard,
without other medical
illness, or clinically
improved from a medical
condition, no edema,
regaining appetite, and
aged 6-59 months were
included. Additional
enrollment criteria were:
no signs of concurrent
infection; mothers/
caregivers agreed to stay
in their current address
for the next four months
(for tracking the

Weight gain from
enrollment to final visit
(g/kg/day):

Soy RUSF: 2.79 + 2.16
Whey RUSF: 2.95 + 2.04

Weight gain:

BP-100 = 1.06 g/kg/day
95% CI (0.72, 1.41)
NumTrey = 1.08 g/kg/day
95% CI (0.75, 1.41).

The absolute gain in body
weight of the children was
0.698 + 0.438 kg versus
0.741 £ 0.381 (p =
0.553); and the rate of
weight gain was 3.9 + 3.2
g/kg/day (median: 3.63;
95% confidence interval:
3.29-4.51) versus 5.2 +
4.6 (median: 4.29; 95% CI:
4.35-6.07) g/kg/d (p =
0.078) in Soy-RUTF group
and M-RUTF group.

16

Recovered:

Soy RUTF: 874/1086
(80.5%)

Whey RUTF: 960/1144
(83.9%)

Mortality Rate:

Soy RUTF: 4 (0.37%)
Whey RUTF: 2 (0.17%)
Default rate:

Soy RUTF: 28/1086
(2.6%)

Whey RUTF: 16/1144
(1.4%)

Recovery rate:
Mortality rate:
BP-100 = 2/61

The number of total
follow-ups (attended):
Soy-RUTF =

3.7+24

M-RUTF = 3.4 £ 2.2
Recovery rate:

Soy that is less
processed has lower
digestibility, and the
amino acids are less bio-
available for use by the
body to support
recovery. The anti-
nutrients present in less
processed soy might
have contributed to the
lower recovery rate.

tasters in both
components (3.7 + 8.0 vs
1.3+ 4.6 g p=0.03).
Length of stays: 84 days/
12 weeks
Length of stays: 84 days/
12 weeks
Acceptability testing:
60 children aged 6-51
months enrolled in the
acceptability trial; all but
one returned for the
follow-up questionnaire.
The mean times for
children to consume both
RUSF foods were similar
on the initial visit.
Both foods were deemed
highly acceptable based
on the hedonic scale
ratings and comments
from the caregivers. One
child in the soy RUSF
group and two children in
the whey RUSF group had
a new onset of diarrhea
after starting the RUSF,
all lasting 1-2 d.
- Length of study/stay:
56 days/8 weeks
- Compliance:
BP-100 = 51.7%
NumTrey = 48.1%
The proportion of
patients expressing that
they liked the product
increased after the eight-
week intervention for
NumTrey and remained
~90% for BP-100™ dur-
ing the trial. The steady
increase in acceptability
of NumTrey can be seen
as an adaptation to an
unfamiliar product, not
uncommonly seen in the
acceptability testing of
novel products
Total days enrollment:
Soy-RUTF = 44 + 34
M-RUTF = 39 + 30
Acceptability of product:
A total of 36 children
participated in the pilot
taste acceptability trial:
Absolute amount (g)
taken over 30 min (single
mealtime): mean + SD
Soy-RUTF = 38.8 + 16.1
M-RUTF = 40.7 + 17.4
Amount (g) taken per kg:
mean + SD
Soy-RUTF = 6.4 + 2.8
M-RUTF = 6.8 + 3.4

Stobaugh
et al. (2016)
[31]

Sigh et al.
(2018)
[38]

Hossain
et al. (2020)
[42]
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Group assignment

Entry and discharge
criteria

Weight gain

Recovery rate, Mortality
rate, or Default rate

Compliance/acceptance
and length of stay in the
program (in days)

References

50 Control Group
50 RUSF

children); and informed
written consent given by
the parent or guardian.
Discharge criteria:
Discontinued after two
skipped visits, Children
without any fixed
address; tuberculosis
(according to WHO
criteria) or any
congenital/acquired
disorder affecting
growth, i.e., trisomy-21
or cerebral palsy;
children on an exclusion
diet for the treatment of
persistent diarrhea, and
having a history of soy,
peanut or milk protein
allergies.

Entry:

Children aged 24-59
months with mild or
moderate malnutrition,
were enrolled from six
urban health centers in
Shahr-e-Rey, Tehran,
Iran, between April and
October 2017.
Malnutrition was defined
as mild-moderate
wasting with a WHZ
between 1 and 3
standard deviations
(SDs) of the WHO
reference population.
Exclude:

Children with a chronic
or debilitating illness,
such as severe anemia,
liver and kidney
diseases, malabsorption
syndromes, or a history
of allergy to egg white or
soy protein, developed
severe acute
malnutrition (WHZ <3
and/or bipedal edema)
or were absent for two
consecutive visits.

Weight gain after 8 weeks
of supplementation

RUSF: 1.44 + 0.38 kg
Control: 0.7 & 0.32 kg

Recovery Rate:

About 92% of the
children in the RUSF
group, and 12% of those
in the control group
have reached a WHZ>1,
as the recovery cutoff, at
the end of the study,
which was significantly
higher in the
intervention group (p <
0.001)

RUSF has a statistically
significant effect on the
rate of recovery
adjusted for the other
potentially confounding
variables (AHR: 16.3,
95% confidence
interval: 6.1 to 43.3, P
1/4 0.001).

Lenght of stay = 56 days/
8 weeks

Compliance Rate:

RUSF = 100%

Control Group = 98%

Azimi et al.
(2020)
[41]

Note: RUF: Ready to Use Food; RUTF: Ready to Use Food; RUSF: Ready to Use Sulementary Food; WHZ: Weight-For-Height Z score; HIV: Human
Immunodeficiency Virus; WHO: World Health Organization; SD: Standard Deviation.

RUSF, manual mixing is possible, while in large production, a mechanical mixer is required. Manual mixing is not recommended for a
large scale production [44] due to the inconsistent results and less homogenous mixture during the process and storage for liquid forms
of RUTF/RUSF. Small-scale production of RUTF/RUSFs can be done in the community with simple technology, such as manual mixing
and baking [44,24], and it has been developed recently for the separation of whey protein as the main ingredient of RUTF/RUSF [31,
105]. Meanwhile, large-scale production needs a mechanized facility.

The RUTF/RUSF were developed based on the guidelines from the WHO for the treatment of Severe Acute Malnutrition (SAM) [9]
and the recommended treatment for Moderate Acute Malnutrition (MAM) [14]. The fulfillment of the RUTF/RUSF formulation were
first analyzed using a food software, e.g., NutriSurvey [24,106] using a linear programming model [28,105,107], or response surface
methodology [39].

In the production of RUTF/RUTF, the processing techniques used vary from simple techniques (mixing and baking) to modern
techniques using the extrusion method [90]. In general, the food supplement type is categorized as semi-liquid (paste and porridge)
and solid form (biscuit, wafer, snack bar). Both of these forms have their strengths and weaknesses with regard to the appointed target
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group of undernourished children. The paste form of RUTF/RUSF is easy to squeeze from the package [108,109], while the biscuit and
bar form are most favorable to children [33,110]. The studies in Indonesia presented that the rate of weight gain of the participating
children was significantly correlated to the compliance of consuming the RUSF [20,110], indicating the importance of producing the
RUSF that are palatable and favored by the children and accepted by the caretakers. The development of RUTF/RUSF is presented in
Table 2.

In the early RUSF/RUTF development, the acceptance of the target group was usually considered, along with an intervention study
[12,15,111]. Recently, the development of local production of RUTF/RUSEF placed the product review (usually sensory test) as a part of
product development and continued with the improvement of the product before the actual intervention studies [80,108].

3.4. Program effectiveness of RUTF/RUSF provision in the community

Not all the articles reported on the program effectiveness had the RUTF/RUSF provision in a community setting. The program
effectiveness of the RUTF/RUSF provision is indicated by several health/nutrition indicators and the acceptability of the food sup-
plement. It is usually compared to the Sphere emergency nutrition standard [19]. Among others, the health nutrition indicators are the
rate of weight gain [19]. The child mortality rate was normally reported among the participants with SAM children [8,10,12,15] but
less likely found among the MAM children. The reported nutritional status improvement, percentage of recovery, and length of stay
depended on the entry and discharge criteria of the program.

The first community trial using peanut-milk spread RUTF was in Malawi (Table 2). The duration of the RUTF provision studies in
Malawi was between four to eight weeks. Rates of weight gain of the SAM children after the treatment in the clinical setting that were
given the standard therapy (therapeutic milk F100) and commercial peanut-milk spread RUTF were 10.1 and 15.6 g/kg/day [7], which
were above the Sphere emergency nutrition standard (>8 g/kg/day) [19]. However, in the community setting, the average rate of
weight gain of the SAM children consuming peanut-milk spread RUTF was lower, between 3.5 and 5.2 g/kg/day [8,10,12,15]. MAM
children in Malawi and those at risk of malnutrition participating in the community nutrition center who were assigned to consume
peanut-milk RUTF had a comparatively lower weight gain (2.8 and 3.1 g/kg/day) [11,112]. Furthermore, by utilizing the local food
resources in Indonesia, locally produced RUSF-Nias biscuits were developed. The study was implemented among mildly and
moderately wasted children. Mean rates of weight gain among the mildly and moderately wasted children were between 2.0 and 3.9
g/kg/day [24,110]. In Zambia, the MAM children consuming a soy-maize-sorghum-based RUTF produced a comparable weight gain
(approximately 3 g/kg/day) [113].

Different preparations of RUTF have been proposed to provide sustainable and affordable locally-produced RUTF formulation.
Most of the peanut-milk spread, RUTF distributed and presented in the earlier studies in Malawi was commercially produced. A later
study, also in Malawi, reported that the provision of the locally produced peanut-milk spread RUTF resulted in a similar mean range of
weight gain of the treated SAM children consuming the commercial one [15]. Locally produced RUTF might be an option in particular
areas with lower acceptability for the standard RUTF and could provide better sustainability in the future; hence, the use of local food
resources is further encouraged.

In Indonesia, locally produced RUSF-Nias biscuits were developed by utilizing local food resources. The study was implemented
among mildly and moderately wasted children, and the program effectiveness of the RUSF-Nias biscuits was compared to the locally-
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Fig. 3. The location of the implementation of RUF, RUTF and RUSF from local food resources.
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based peanut-milk spread RUTF. The results showed similar mean rates of weight gain among the mildly and moderately wasted
children (between 2.0 and 3.9 g/kg/day) [24,110]. In Zambia, the MAM children consuming a soy-maize-sorghum-based RUTF,
produced a comparable weight gain (approximately 3 g/kg/day) [113] to the Indonesian study (Table 3). A study in Cambodia
described the average weight gain with the standard RUTF and the locally produced RUTF by 2.97 (£1.57) and 2.52 (£1.23) g/kg body
weight/day, respectively. Both RUTF formulations increased height and HAZ-scores significantly, with an average height gain of 22.4
(£18.7) mm and 32.3 (+36.3) mm for respective standard and locally produced RUTF, whereas acceptability was higher for locally
produced RUTF [114]. These results are in line with a broader metanalysis study that suggest the current evidence does not favor a
particular formulation RUTF, except for a relapse, which is reduced with standard RUTF [115]. Table 3 presents the outcomes of tested
RUTF/RUSF for some research setting.

The implementation or RUF/RUTF from the local food ingredients has been tested in several countries especially in Africa and Asia.
Fig. 3 shows the mapping of the implementation of RUF/RUTF or RUSF made from local food resources.

3.5. Sustainability aspects and future perspective of the provision of RUTF/RUSF from local food resources

Nutrition centers in the community-based setting aim to reduce the mortality of children at risk — to severe acute malnutrition in
emergency and development settings due to the decentralization of community outreach. It is expected to provide for more children
than other clinical institutional approaches [117]. The necessity of RUTF/RUSF in the community nutrition centers depends on the
local need and context. A study among Malawian children found that locally produced peanut-milk spread RUTF was relatively
inexpensive compared to the imported ones and achieved the same effect: an increased weight gain of the children [15]. Therefore,
making new formulations of RUTF/RUSF based on locally available foods is expected to be efficient and cost-effective. Another critical
issue concerning the production and distribution of RUTF/RUSF is the lack of sustainability and financial-logistic-distribution prob-
lems on the NGOs or government side. The ingredients of RUTF/RUSF, especially the premix (micronutrients), are still not accessible in
terms of supply and are costly to the most vulnerable group. Therefore, in many low income countries with a high proportion of
malnourished children, RUTF/RUSF will be sustainable only if its production is supported by the government or humanitarian or-
ganizations. Moreover, the duration of intervention is set to a limited period. After the health/nutritional status of the malnourished
children is improved, the children should return to their regular diet.

The programs for rehabilitating MAM children need a more comprehensive and complex approach than for SAM children. It in-
volves the improvement of families’ livelihoods and changing poor childcare behavior; therefore, intensive nutritional education is
needed to accompany the provision of RUTF/RUTF. The leading solutions are to improve local production focused on a diversified
group of nutritious crops and to increase public awareness regarding feasible and low-cost approaches to a healthy diet.

In terms of food supply, the utilization of locally available commodities needs to be promoted. Lessons learned from previous
nutrition intervention programs is the assurance of its sustainability, for example, using homegrown items or low-cost commodities
available in traditional neighborhood markets. Meanwhile, the technology used in producing RUTF/RUSF should be accessible. Most
of the reported studies use simple technology that is commonly implemented at the household level. However, the factor usually
neglected is the proper method of utilizing simple technology because it will greatly affect the quality of RUF products. For example,
the sun drying method for animal-based commodities needs to be properly monitored regarding the time of drying, cleanliness, and
possible cover to protect from dust and other unwanted material. Roasting can also be done at the household level, however, the time,
temperature, and final products will determine the quality of RUTF/RUSF, especially in the nutritional content. In principle, solid
manufacturing practices widely known in food production at the higher level should be adapted on the microscale or household scale
because proper processing methods and technology affect the quality of products.

For the country level, the implementation of RUTF/RUSF for the nutrition intervention has been guaranteed with the national
nutrition strategy like in Vietnam [118], as well in the international level by FAO [119]. In Vietnam, integrated management of acute
malnutrition (IMAM) using local products was found to be highly acceptable and effective after product optimization and training of
health workers. Children with SAM have been treated very successfully, with over 90% of children recovering. Its locally manufactured
RUTF capacity is being increased to allow for the expansion of the IMAM program and the potential export of products to countries in
the region [120].

4. Concluding remarks

Ready-to-Use Therapeutic Food (RUTF) or Ready-to-Use Supplementary Food (RUSF) have been widely used in home-based
treatment for severely and moderately acute malnourished children. These products have been deemed very effective at short-term
nutritional recovery in children and have shown substantial success. RUTF and RUSF are expected to be given in combination with
local diets to fulfill the dietary recommendation of SAM and MAM children. The new formulation of RUTF/RUSF based on locally
available foods is projected to be efficient and more cost-effective for treating MAM and SAM children. Taking into account regional
preferences, closeness to their intended consumers, accessibility to raw materials, and production sustainability, locally generated
RUF/RUTF can be used for MAM/SAM processing that is safe and sustainable. Our findings presented the importance of development
of such food supplements based on the local food resources and with improved technology for prevention and rehabilitation of
malnourished children, which encourage the development in another developing countries with similar nutritional problem. The
results underscore the significance of developing food supplements using local resources and enhanced technology for the prevention
and rehabilitation of malnourished children. Furthermore, the review findings encourage creation of such food supplements in other
developing countries facing similar nutritional challenges.
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