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ABSTRACT
Food processing and food (re)formulation can contribute to achieving sustainable healthy diets. Distinct from product formulation, the main
purpose of food processing is to provide a stable and resilient supply of safe, shelf-stable, and affordable foods. Although efforts at reformulating
processed foods have focused on removing excess added fat, sugar, and salt, product formulation can also take the form of voluntary fortification
with protein, fiber, and micronutrients to improve dietary nutrient density and address population health needs. Advances in food technology have
also led to the addition of desirable ingredients, including plant-based proteins and fermentation products, to processed foods. Among continuing
challenges to product (re)formulation are the need to ensure product safety, maintain sensory appeal, control product cost, assure consumer
acceptance, and manage the environmental footprint across the value chain. Voluntary (re)formulation of processed foods by the food industry can
help improve diet quality and food security for all. Curr Dev Nutr 2022;6:nzac089.
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Introduction

Guiding principles for achieving sustainable healthy diets were recently
developed by the FAO and the WHO (1). Sustainable healthy diets need
to be healthy and safe, economically affordable, socioculturally accept-
able, and with low environmental impact (1, 2). The affordability of
healthy diets in the context of food security was the topic of another
FAO report (3). Based on FAO estimates (4), the cost of healthy diets was
far in excess of the international poverty line (US$1.90/d). One ques-
tion with implications for global public health nutrition is whether the
sought-after affordable nutrient density for all (3) can be achieved with-
out processed foods.

Although the promotion of fresh unprocessed foods remains the
primary health goal (5), experts do acknowledge that a parallel re-
formulation of processed foods would improve population diets. The
WHO has encouraged the private sector to produce more food prod-
ucts that eliminate trans fats, reduce saturated fat, and are lower in
sugar and salt (6). Industry policies, research, and development need
to encourage the production of lower cost and more nutrient-dense
foods.

Food processing and food (re)formulation are distinct concepts. The
role of food processing is to transform perishable agricultural products

into foods and beverages that people consume (7). Food processing con-
tributes to the stability of the food supply, helps minimize price spikes
and price volatility, and allows food systems to withstand emergencies,
disasters, and shocks (8). Though product reformulation has become
identified with reducing fat, sugar, and salt, it can also include enrich-
ment or food fortification with vitamins and minerals (9). Many low-
and middle-income countries (LMIC) still face the problem of inade-
quate nutrients and the frequent lack of high-quality protein (10). Some
challenges to product reformulation are discussed below.

Product Reformulation

Four approaches to product reformulation are identified in this report
and summarized in Table 1. The first involves total removal of indus-
trial trans fat and partial or total removal of added fat, added sugar, and
sodium. The second involves mandatory or voluntary product fortifica-
tion with protein, fiber, vitamins, and minerals. The third involves the
addition to processed foods of minimally processed desirable compo-
nents (whole grains, fruit, nuts, seeds). The fourth involves technologi-
cal innovation and the use of new functional ingredients to create a new
generation of processed plant-based foods.
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TABLE 1 Selected aspects of product reformulation for health

Remove or reduce Add

Energy and nutrients Energy, fat, trans fat,
sugar, sodium

Protein, fiber

Micronutrients Antinutrients, phenols Calcium, iron, zinc, iodine, folate, vitamins A, D, B-12
Ingredients Whole grains, fruit, nuts, seeds
Functional ingredients Plant protein isolates, sweeteners, salt alternatives

Reformulation by reducing fat, sugar, and salt
The processing of food is ancient and necessary. The goal is to make
food safer, tastier, and more nutritious, and to reduce or avoid food
spoilage, loss, and waste (11). Fat, sugar, and salt were initially added
to foods for preservation, safety, and storage (11). Traditional means of
preserving perishable foods used hyperosmotic solutions—either sugar
syrup or brine—to remove water from the fresh food matrix. Water
could also be removed from fresh foods through drying and air curing.
These traditional methods are still being used by small entrepreneurs
and at home (12). However, their role has diminished with the avail-
ability of cold storage.

There are several technical options to reduce or remove fat, sugar,
and salt from processed foods. It is important to note that these ingre-
dients have important functional properties, helping to maintain food
moisture, and providing mouthfeel, volume, and bulk (13). The first op-
tion is to reduce the amount of the target ingredient without replacing it.
However, skim milk, beverages with reduced sugar content, and lower-
sodium bread, pizza, and soups might not have the same sensory qual-
ities as the original product (13, 14). The second option is to use sub-
stitutes for fat, sugar, and salt. These substitutes can include starches,
gels, and gums, low-calorie sweeteners, potassium chloride and gluta-
mate salts, along with a variety of herbs and spices.

The third option is to add a lower-calorie bulking agent. Carbohy-
drates, proteins, emulsifiers, gums, and gels have substituted for fat, pro-
viding the necessary mouthfeel, viscosity, and volume (13). The fourth
option relies on advanced technology to mimic sensory qualities of
fat, sugar, or salt while minimizing the amount. Examples are nonab-
sorbable fats, altered salt crystals, and hollow sugar crystals (15). Suc-
cessful product reformulation is subject to technical constraints and re-
quires continued consumer acceptance.

Reformulation through mandatory or voluntary fortification
Fortification strategies to improve nutrient density of foods are guided
by the FDA in the United States (16, 17). Manufacturers can add essen-
tial nutrients to a processed food to correct a dietary insufficiency at
the population level or to meet a demonstrated public health need. The
target foods need to be affordable, eaten regularly, and in predictable
amounts. The added nutrients must remain stable and bioavailable and
must not alter the appearance or the sensory qualities of food. As listed
in the Global Fortification Data Exchange (18), 139 countries have forti-
fication standards for selected food vehicles. Typical targets for manda-
tory fortification (enrichment) in lower income countries are starches
and fats, including wheat flour, cornmeal, noodles, and cooking oils,
margarine, and ghee (19). Mandatory fortification of salt with iodine
has had major public health impact across the LMIC (20). Voluntary
fortification can apply to a wide range of micronutrients, including B-
vitamins, iron, and zinc, depending on the specific nutritional needs of

the target population (19, 20). For example, sugar, snacks, beverages,
and candy have been among the fortification vehicles used in LMIC.
Sugar has been used as a mandatory vehicle for vitamin A fortification
in Guatemala, El Salvador, and Honduras (21). Other examples include
iodized and doubly fortified salt (20) and quadruply fortified salt (22).
Doubly fortified salt contains iron and iodine; quadruply fortified salt
contains iodine, iron, folic acid, and vitamin B-12 (22). Bouillon cubes
are a prominent vehicle for voluntary fortification (23, 24).

Reformulation through technology advances
Another type of formulation involves adding desirable ingredients
(pulses, nuts, seeds, whole grain) to processed foods. Technological ad-
vances have also allowed the development of plant-based alternatives to
meat, fish, and dairy proteins that are, at the same time, tasty, nutrient
dense, affordable, and have a lower environmental footprint (15). Their
production requires attention to variety, selection, and the breeding of
plants for optimal taste, yield, and nutritional quality (15). Plant-based
alternatives to animal source foods are formulated for optimal nutrient
density, low fat and sugar content, and adequate content of essential mi-
cronutrients.

Drivers and Challenges to Reformulation

Benchmarking reformulation using nutrient profiling
methods
Initially developed to assist in the regulation of nutrition and health
claims in the European Union, nutrient profiling (NP) models have
served to regulate marketing and advertising to children and have pro-
vided the scientific basis behind front-of-pack nutrition labels and logos
(25, 26). Most were designed by governments and nongovernmental or-
ganizations to shift food purchases toward healthier foods (25). How-
ever, the impact of NP-driven food labels or logos on consumer food
choices appears to have been relatively small (27).

By contrast, NP models have had a profound effect on product refor-
mulation efforts by the food industry (28). Many food companies have
developed their own NP systems to screen nutrient density of product
portfolios, benchmark nutrition targets, and guide product reformu-
lation (29). What is more, food and beverage companies are increas-
ingly being judged based on reformulation efforts and on the nutri-
ent density of product portfolios. The UK Product Profile 2021 (30),
published by the influential Access to Nutrition Initiative (ATNI), used
the Health Star Rating to screen >4000 products from 16 large food
companies that accounted for ∼50% of total UK retail sales in 2019.
The ATNI Global Index 2021 (31) commends food companies for de-
veloping NP systems, using such systems to screen product portfolios,
and making NP standards publicly available. A recent ATNI report

CURRENT DEVELOPMENTS IN NUTRITION



Formulation and processing of foods 3

noted that 13 of 22 large food companies used NP methods to improve
nutritional quality of their products (31). Industry-developed NP meth-
ods have become a driving force for innovation and product reformu-
lation.

Reformulation health outcomes
Mandatory sodium reduction in the United Kingdom is cited as the
greatest public health success (32), after trans fats. Among the UK
foods affected by mandatory sodium reduction targets were bacon,
sausages, meat pies, bread, rolls and “morning goods,” breakfast cereals,
cheese, salted butter, fat spreads, prepared meals, soups, pizzas, crisps
and snacks, sandwiches, cakes, sauces, puddings, pasta, cereals, canned
foods, and meat alternatives. Sodium in many foods was reduced by
≤40–50%, and >11 million kg of salt was removed from the UK food
supply. The observed reduction in sodium intakes was credited to prod-
uct reformulation and not to any change in consumer behavior, exem-
plifying the covert “health by stealth” approach. Still, average salt con-
sumption in the United Kingdom remains high at 8.1–8.8 g/d and well
above the target goal of 6 g/d for adults.

However, there is little observational evidence so far that reduc-
ing sodium had a significant impact on product sales or on popula-
tion health. Sales of reformulated products can depend on the type of
products, prices, length of transition period, and any associated public
health campaigns. Much of the evidence on the impact of reformulation
has come from modeling studies, systematic reviews, and meta-analyses
(33). Among frequent modeling approaches were post facto analysis
of product reformulation campaigns and the likely impact of product
reformulation on health outcomes (33). Systematic reviews, mostly of
the sodium reduction literature, point to a small positive health impact
overall (33). By contrast, product reformulation data from LMIC gen-
erally show that mandatory or voluntary fortification of foods with es-
sential nutrients has reduced prevalent undernutrition and nutrient de-
ficiencies in a cost-effective way.

The covert “stealth reformulation” approach has been criticized
on the grounds that it does not involve drastic dietary change (34).
The concerns are that product reformulation would endorse, legit-
imize, or even promote the consumption of processed and “ultra-
processed” foods (34). That would undermine existing public health
policies to promote the consumption of fresh, unprocessed and min-
imally processed foods (5). However, as noted in recent FAO re-
ports (3) and other studies (4), fresh unprocessed foods generally cost
more.

Taxation was another indirect approach to encourage sugar re-
duction in beverages and foods (35). Seventeen countries, includ-
ing 13 Organization for Economic Co-operation and Development
(OECD) countries, tax sugar-sweetened beverages and selected other
foods (35). Some examples of taxation policies include “soda taxes”
in the United Kingdom, France, Mexico, Chile, and places in the
United States including the cities of Berkeley and Seattle. There is some
evidence from the United Kingdom that the soft drink tax has led
to product reformulation (36). Although some changes in consumer
purchases were observed (from higher sugar to lower sugar bever-
ages), an estimated 73% of the decrease in total sugar consumption
came from reformulating existing products or the introduction of new
ones.

Challenges to product reformulation
Reformulating an existing food product is not always technically sim-
ple. There are complex interactions among food technology limitations,
nutrition economics, and consumer behavior. Among the many tech-
nical challenges are preserving sensory qualities of the product, con-
trolling cost, and assuring product safety. There can also be regulatory
challenges related to standards of identity and local regulations on en-
richment, fortification, advertising, and marketing. Product reformu-
lation by small and medium-size enterprises can have its own set of
challenges.

Issues of taste and cost are often critical. When it comes to consumer
acceptance, nutrient density is not the only factor that matters. Taste,
cost, and convenience matter more. Consumers might not accept an
altered product that is healthier but tastes worse and costs more. The
reformulated products might not have the same sweetness, texture, or
mouthfeel, and the replacement of sugar might not be perceived as “nat-
ural.”

Product reformulation also needs to conform to mandatory stan-
dards of identity, where appropriate. In the United States, FDA stan-
dards of identity describe what a food product must contain, in what
proportions, and sometimes how it must be manufactured. For exam-
ple, based on standards of identity, chocolate with sharply reduced ca-
cao fat cannot be called chocolate: it is a chocolate product. Standards
of identity do not yet apply to plant-based “milks” in the United States.

Second, the provision of affordable nutrient density to the consumer
is of critical importance to health equity and global public health. The
FAO report on affordable nutrition noted that healthier diets were of-
ten not affordable to lower-income groups (3). That much is acknowl-
edged in the OECD report (35, 36), which is one of the few to note that
product reformulation is not always a part of the normal “process” and
does involve additional cost—from technology development to market-
ing and consumer outreach. Reformulation requires an investment in
research, machinery, and other production processes and can change
production cost. This can have an impact on product price and on
sales.

Toward Affordable Nutrient Density in Processed Foods

Food reformulation is distinct from food processing that provides safety,
convenience, reduced consumer food waste, and affordable cost. A re-
cent article on the processed food revolution in Africa (37) emphasizes
that purchases of processed food are driven by long-term factors, such
as urbanization, increased income, and employment changes, noting
that policies cannot change the pursuit of convenience and labor-saving
food.

Second, processed foods ensure safety, prolong shelf life, and mini-
mize food loss and waste at consumer level. Third, fortified processed
foods provide affordable nutrient density, help minimize disparities in
access to food, and ensure nutrition security for all. Contrary to the
notion that all processed foods are unhealthy, Reardon et al. (37) note
that much processed food, like packaged milk, supports sound nutri-
tion, and that the processed food system is a major source of jobs for
women.

Within the context of global food systems, it is important to ad-
dress the positive aspects of reformulation. New food technologies offer
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multiple opportunities for improving global public health. Nutrient
density of foods can be improved by reducing energy from sugar and fat
and by simultaneously increasing the content of vitamins, minerals, and
high-quality protein. Desirable food ingredients—fruit, legumes, dairy,
and nuts and seeds—can also be incorporated in processed foods at an
affordable cost.

The food industry needs to engage with public health agencies and
with the consumer to improve the quality of processed foods. Following
FAO principles, sustainable healthy diets need to be affordable, adapted
to regional and local food habits, and consistent with planetary bound-
aries. Reformulation of processed foods can contribute to food security
for all.
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