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Something to chew on: technological aspects
for novel snacks
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Abstract

Snacks have accompanied people for a long time, meeting our needs for something fast and filling between meals. Societies
and technologies have changed, and so have snacks, adapting to people's daily lives, concerns, and demands. Although tradi-
tional snacks, such as potato chips, are still ubiquitous and popular worldwide, there is not unanimity around them anymore,
since many people have been looking for healthier snacks. Studies have been carried out to propose healthier snack options by
changing their composition and/or techniques to produce them, minimizing contents of energy-dense components and/or
maximizing the retention or bioavailability of nutrients. This mini-review presents the main trends on development of snacks
and future perspectives.
© 2021 Society of Chemical Industry.
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INTRODUCTION
According to the Merriam-Webster's, a snack (a term whose first
reported use dates from 1757) is ‘a light meal’ or ‘food eaten
between regular meals’. Snacks usually do not require prepara-
tion, being convenient for people at home, school, work, or on
the go. There are differentmotivations to snack, including hunger,
social activity, distraction, and the rewarding properties of food.1

The global market for snacks was around US$ 500 billion in
2020.2 Consumers had increased their snack consumption even
before the COVID-19 pandemic,3 but the whole pandemic sce-
nario has promoted increased consumption of comfort foods,
including snacks.4–6

People use several attributes to choose snacks, including sen-
sory properties, price, and convenience. Health aspects have also
been taken into account,7 and this has persuaded industries to
offer healthier snack versions. Indeed, although ‘snacks’ are usu-
ally associated with unhealthy food,1 this concept has gradually
changed, as healthier snacks have been considered as helpful
tools to promote satiety and appetite control,8 and to minimize
digestive and/or metabolic overload from fewer (and heavier)
meals while helping consumers to meet recommendations for
specific food groups (e.g. fruits) and nutrients (e.g. fiber and vita-
mins).9 Actually, the market for healthy snacks is expected to
reach about US$ 33 billion by 2025.10 Though this figure is still
small when compared with the whole snack food market, it indi-
cates that a significant part of the global population is actually
looking for healthier snacking choices.
The objective of this mini-review is to summarize the techno-

logical aspects of recent evolutions on snacks and to identify
studies indicating the trends and perspectives on future
snacks.

History bits on potato chips
Evidence suggests that snacks have existed since ancient times.
Corn samples found in Peruvian excavation sites indicated that
people already made popcorn thousands of years ago.11 How-
ever, the current snack concept seems to have been born with
potato chips, probably invented accidentally.
Legend has it that, in the 19th century, a restaurant cook sliced

potatoes very thin and fried them to a crisp, after a customer com-
plained that his fried potatoes were too thick and not crisp
enough.12 Although the story is a myth, the true origin of the del-
icacy being unknown,12,13 potato chips became quite popular,
which motivated their eventual transformation into an industrial
product.14 The affordability of potatoes made them still more
popular, especially during World War II,15 in part because choco-
late and sugar were rationed, restricting the availability of sweet
snacks.16 After the war, Herman Lay (then a regional snack pro-
ducer) started a cooperation with Elmer Doolin (manufacturer of
the Frito Corn Chips), creating Frito-Lay and its ‘Ruffles’ (corru-
gated potato chips).16 In the 1960s, Proctor & Gamble introduced
Pringles, made from dehydrated and reconstituted potatoes,
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with uniform size and shape for packaging in a tubular paper-
board can.16

Over time, other snacks were developed, the companies gradu-
ally using better techniques and equipment.14 Potato chips are
still probably the favorite snack food worldwide, estimated to
reach a market value of US$ 44.2 billion by 2024.17

A new era of snacks
Probably because potato chips form a large part of the snack food
market, the concept of snack foods became associated with
energy-dense, nutrient-poor products rich in sodium, sugar,
and/or fat.1 However, an increasing part of the population has
demonstrated concerns with food–health relationships, thus
avoiding the typical energy-dense items that still dominate the
snack market. Moreover, improving the population's diet and
health and making eating habits more sustainable have been on
top of the political agenda of many countries, as well as of the
moral discourses adopted by many food industries.18

The industrial sector has tried to address those changingmarket
demands by offering healthier snacks. However, it may be chal-
lenging to offer products that meet ‘healthier’ requirements while
still appealing to consumers' senses. Several research studies have
thus been focused on developing novel snacks that meet not only
the healthy and/or moral requirements but also the sensory ones.
This mini-review is mainly focused on trends toward healthier
snacks, although some of them may be also motivated by envi-
ronmental and/or animal welfare aspects. Figure 1 presents some
of those trends.

Reduced-oil or oil-free chips
Potato chips, as well as other chips, are produced from deep fry-
ing thin slices of the rawmaterial. Deep frying involves immersing
food in hot edible oil (at a temperature above the boiling point of
water), promoting heat and mass transfers (including water
escaping from the food and vaporizing, and oil being absorbed)
as well as starch gelatinization, protein denaturation, and forma-
tion of colors and aromas through the Maillard reaction.17 The

crispy texture and the unique flavors are the most appreciated
properties of chips, while the oil uptake is regarded as
undesirable.
Some pretreatments have been proposed to reduce the oil

uptake on frying. A previous air-drying step may decrease the
gradient of water–oil transfer,19–21 besides forming an outer crust
to restrict oil uptake.22 The effect is increasedwhen the pre-drying
is combined with ultrasound, since ultrasound results in damage
to cell structures, thus increasing effective water diffusivity and
then reducing the initial moisture content of the slices, limiting
the oil uptake on frying.23,24 Pulsed electric field pretreatment
also promotes cell disintegration (by cell membrane perforation),
resulting in increased water diffusivity and reduced oil
uptake.25,26 Coating the slices with hydrocolloids creates a hydro-
philic barrier that restricts oil absorption19 and also occupies
pores near the surface.27,28

Microwave vacuum drying (MWVD) and microwave multiflash
drying (MWMFD) have been proposed to produce oil-free chips
–MWVD for sweet potato chips,29 and MWMFD for potato chips30

and crispy bananas.31 Whereas the MWVD consists of heating the
product with microwaves under vacuum,29 MWMFD consists of
heating it with microwaves at atmospheric pressure and then
applying a vacuum pulse that promotes quick water evapora-
tion.30 In both methods, the vacuum produces a porous structure
that enhances crispness and increases the drying rates,29–31 mak-
ing drying much quicker than on freeze-drying (FD).31 When com-
pared with MWVD, MWMFD results in more porous products, with
force–strain curves more typical of crispy products.31

Fruit‑ and vegetable-based snacks
People have been encouraged to increase their fruit and vegeta-
ble consumption in order to help reduce risks of chronic dis-
eases.32 Policies restricting the sale of energy-dense and
nutrient-poor snacks have been implemented, especially for chil-
dren, such as the Smart Snacks regulations (promulgated by the
US Department of Agriculture), which determined that all foods
sold at schools should meet nutritional standards, including
increased fruit and vegetable consumption.33,34

Although most fruits and vegetables may be consumed as
snacks on their own, they are usually perishable. Dehydration
not only makes themmore shelf stable, but also more convenient,
not requiring any preparation steps (e.g. washing, peeling, and
seed removal). FD is especially adequate from nutritional and sen-
sory perspectives, since fruits and vegetables are typically rich in
heat-sensitive components. Indeed, FD results in a better reten-
tion of fruit color,35,36 flavor,35 total phenolics,36 anthocya-
nins,35,36 carotenoids, and ascorbic acid,35 when compared with
conventional air drying, resulting also in higher antioxidant capac-
ity.36 On the other hand, FD is limited by its high energy cost and
slowness (since ice sublimation takes much longer than water
vaporization). That is why several techniques have been devel-
oped to enhance the drying rate and conserve energy, by com-
bining FD with other drying methods such as infrared
radiation,37,38 microwaves,39,40 and microwaves–vacuum.41

Fruit and vegetable leathers are sheets obtained by water
removal from fruit or vegetable purees.42 Their chewy texture,
sweetness (when fruits are used), and colorful aspect make them
interesting snacks for children, especially when they are pre-
sented as roll-ups for added fun. They are usually produced by
conventional drying from previously heat-treated purees or con-
centrates, sometimes with other ingredients (usually thick-
eners).43 The heat treatment (aimed at enzyme and microbialFigure 1. Examples of trends in novel snacks.
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inactivation) results in nutritional/functional and sensory losses,
as does the air drying, which hasmotivated alternative techniques
to thermal treatment and/or drying. Hydrothermodynamic pro-
cessing, combining effects of cavitation and volumetric heating
(the collapse of cavitation bubbles inducing local shear forces and
releasing energy that produces crushing, homogenization, and tem-
perature increase),43 has been proposed to replace the conventional
thermal treatment.43 Alternative drying technologies already pro-
posed to minimize thermal damage include vacuum drying,44 infra-
red drying,44,45 and microwave drying.45

Edible films based on fruit and/or vegetable purees are an
extension of the concept of leathers, except that films are
thinner,42 and most usually with a biopolymer matrix mixed with
the puree. Although edible films may have other applications
(such as primary packaging materials, sachets, sushi wraps,
etc.),42 they may be eaten on their own as snacks. Edible films
are usually produced by bench casting, which consists of pouring
the film-forming formulation on a plain surface, uniformizing its
thickness, and drying it. Industries may use continuous casting,
in which the film formulation is continually spread onto a moving
substrate with a height-adjustable blade to control the layer thick-
ness, then passes through a drying chamber.42,46 Edible films have
already been produced from, for example, mango,47,48 guava,47

peach,46 papaya,49–51 and cupuassu.52

Novel extruded snacks
Most extruded snacks in the market today are based on cereals
and grains, which are rich in starch, since the structural changes
undergone by starch on extrusion cooking (gelatinization, melt-
ing, and fragmentation) positively influence the expansion prop-
erties of the products.53 The textural properties depend on the
expansion, which decreases hardness and increases fracturabil-
ity.54 However, extruded snacks produced only from cereals and
grains are usually poor in fiber and protein. This has motivated
studies investigating the technological, nutritional, and sensory
implications of adding protein and/or fiber sources into extruded
snacks.
The replacement of cereals with legumes has recently been

reviewed.55 Besides providing health benefits (particularly high
protein content), legumes are relatively cheap and have environ-
mental advantages (related to their nitrogen fixation ability).55 On
the other hand, legumes (particularly soybean) are limited by their
potential allergenicity and beany flavor.56 Moreover, they are usu-
ally sources of anti-nutritional factors,57 which, as recently
reported, may be inactivated by radiofrequency treatment.58

Other studies have focused on the incorporation of food by-
products (typically rich in fiber, protein, and antioxidants) into
extruded snacks, as cheap and healthy bulking agents.59 Some
by-products proposed for extruded snacks include apple
pomace,60–62 coffee silverskin,63 cocoa husk,54 passion fruit
peel,64 sugarbeet pulp,62 carrot pomace,65 corn bran,66 broken
rice grains,64 and brewer's spent grain.62

However, the replacement of starch by fiber and/or protein neg-
atively affects expansion during extrusion,67–69 which may impair
the crispiness of extruded snacks. Proteins are subject to unfold-
ing, realigning, hydrolysis, and crosslinking with other
components,70 affecting the water distribution within the
extrudedmelt and causing disruption of pore walls of the expand-
ing melt, resulting in lower expansion and higher density/hard-
ness.69,71 Moreover, proteins may lower the glass transition
temperature Tg of the melt, resulting in a soft matrix that tends
to shrink and collapse, decreasing final expansion.69,72 Fibers

may cause premature rupture of growing air bubbles due to the
low compatibility between the fiber particles and the continuous
starch phase, increasing surface porosity, which is a possible
explanation for the decreased expansion of extruded products
added with fiber.67,73 Another explanation is that soluble fibers
compete with starch for water, thus reducing water evaporation
and the resulting expansion.54

Even with those challenges involved with fiber and/or protein
addition to starch-based extrudates, several studies have
reported success in obtaining extruded snacks with improved
nutritional properties while keeping (and sometimes even
improving) the physical/textural properties similar to those of
conventional starch-based extrudates, such as by varying fiber
and/or protein levels,67,69,72 fiber particle size,74,75 ingredients/
combinations (e.g. different fiber sources),76,77 and/or process
parameters (e.g. extruder temperatures, moisture content, screw
speed).72,78,79

The use of sprouted grains has also been a trend in thermally
processed foods (including extruded snacks). Sprouting promotes
activation of hydrolytic enzymes, increasing sweetness, intensify-
ing Maillard reactions, increasing protein digestibility, decreasing
the phytic acid content, and increasing mineral bioavailability.
Apart from studies on novel formulations, novel extrusion tech-

nologies have also been studied. Extrusion may affect the nutri-
tional properties of food fractions in different (sometimes
opposite) ways. As an example, thermal effects may promote
decomposition of phenolics, but the cell wall disruption may
enhance their bioavailability.60,80 The nutritional and sensory
losses from the high temperatures may be avoided by using
supercritical fluid extrusion, where supercritical carbon dioxide
(SC-CO2) is the expansion agent, keeping temperatures below
100 °C, which also reduces energy input.59,81 Snacks containing
apple pomace produced by SC-CO2 extrusion retained 84% of
the phenolics of apple pomace. SC-CO2 extrusion has also been
used to produce corn snacks to which by-products of edible oils
have been added.82

Algae as snacks or snack ingredients
Algae, including both multicellular macroalgae (seaweeds) and
microalgae (a term generally used to refer to eukaryotic unicellu-
lar organisms, although sometimes extended to prokaryotic
cyanobacteria),72 have been regarded as sustainable sources of
nutrients and bioactive compounds. Most algae produce several
metabolites, including proteins, fatty acids, or polysaccharides
with biological activities due to their adaptation to extreme envi-
ronmental conditions.83 They have interesting features for large-
scale sustainable production, including high biomass yields, and
the ability to grow in adverse environmental conditions.84 Their
composition is highly species dependent, but they are usually rich
in fiber85 and protein (with all essential amino acids85 and in
higher concentrations than most plant proteins).72 Moreover,
they produce omega-3 fatty acids, some of them accumulating
30–50% of cell lipids as docosahexaenoic acid or eicosapentae-
noic acid, making them promising omega-3 sources, with high
omega-3/omega-6 ratio, with advantages over fish oils such as
sustainability, appeal to vegans/vegetarians, and absence of fishy
odor.84–87

In many Asian countries, people have consumed seaweeds
since ancient times.88 In Japan, red seaweed (Porphyra) is used
to make nori, a dried sheet that is wrapped around cooked rice
tomake sushi,89 or eaten on its own. Since sushi has gainedworld-
wide popularity, nori has been used by chefs around the world.
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Other seaweed products have been consumed as snacks, such as
dried kombu in Japan, or dried dulse in regions of heavy Irish
settlement.88

Arthrospira platensis (spirulina) and Chlorella vulgaris have been
proposed as part of formulation of snacks produced by three-
dimensional (3D) printing.90 Though the printability (in terms of
increased extrusion force and shear modulus) was improved by
themicroalgae, the green color might impair product acceptance.
So, a coaxial extrusion printing test was made to hide the green
color in an inner layer of microalgae-enriched batter while keep-
ing an outer layer with the control batter (without microalgae).90

In another study, although the color acceptance of the spirulina-
enriched extrudate was lower than that of the non-spirulina con-
trol, its overall acceptance score (7.4 in a nine-point hedonic scale)
did not differ from the control.91 Instead of adding the whole spi-
rulina biomass, Costa da Silva et al.92 enriched snacks only with its
non-hydrolyzed or hydrolyzed peptides, providing the snacks
with antioxidant activity. The hydrolyzed peptides not only pro-
vided the snacks with higher antioxidant activity, but also with
less greenish color, which could favor acceptance.

Insects as snacks or snack ingredients
Edible insects have received much attention for their high nutri-
tional value and lower environmental impacts of their production
when comparedwithmeat production.93 Whereas horizontal land
is required for traditional livestock, insects may be bred in stocked
boxes, thus using vertical space more effectively.94 Protein con-
tents (dry basis) vary from about 35 wt% for termites tomore than
60 wt% for grasshoppers,95 with better essential amino acid pro-
files than most alternative (i.e. plant-based) protein sources.96

Though some species are also purine rich, larvae of mealworm
and superworm are low in purine, making them adequate for peo-
ple with hyperuricemia (since uric acid is the end product of
purine metabolism).97 The lipid fraction (ranging from ∼13 wt%
for grasshoppers to ∼33 wt% for beetles)95 is rich in mono‑ and
polyunsaturated fatty acids, with a high omega-3/omega-6
ratio,96 making insects a source of high-quality lipids.
However, although insects are part of people's diets in some

countries of Asia, Africa, and South America, eating insects is still
uncommon in most Western countries, and even considered as
disgusting by many consumers.98,99 When exposed to labelled
images of products containing mealworms alongside food prod-
ucts with which the consumers were already familiar, the former
were regarded as less appealing than the latter, even if they were
visually identical (only labels revealing differences), disclosing a
competitive disadvantage of insect-based products.100 Efforts
have beenmade to overcome the disgust by reasoning away prej-
udices, but marketing food items on a rational basis is usually not
very successful.100 Anyway, some factors have been identified as
predictors of consumers' readiness to adopt insects as meat sub-
stitutes. Products containing ground insects have been reported
as probably more accepted than those with whole ones.101 Con-
sumer gender is also a factor, with males seeming less neophobic
than females.102,103 The intention to reduce meat intake was esti-
mated to increase by 4.5 times the likelihood to eat insects.102

Some studies have focused on partial substitution of wheat
flour with powdered insects (yellow mealworm104,105 or lesser
mealworm106) in snacks. However, though the substitutions were
technologically feasible, their influence on the acceptance of the
products was not evaluated.
Another study was focused on acceptance of insect-based

snacks by young Italians, including two showing whole insects

(crickets and caramel worms) and another two with insect flour
added (chocolate bars and chips).107 The overall acceptance of
the snacks was reasonably high, with the chocolate bar scoring
the highest (6.95 on a nine-point hedonic scale), followed by
crickets (6.64). Interestingly, the form of presentation of the
insects (whole or ground) did not significantly affect the
acceptance.

Probiotic-enriched snacks
Probiotics are ‘live microorganisms which, when administered in
adequate amounts, confer a health benefit on the host’.32 Probio-
tics may be ingested as supplements or foods. Although refriger-
ated dairy foods are themost common probiotic foods (since they
provide a friendly environment for most Lactobacillus strains),108

people with restrictions to dairy foods have increasingly
demanded for non-dairy probiotic products. Symbiotic foods are
still more interesting, since they contain both probiotics and pre-
biotics (dietary components – usually nondigestible carbohy-
drates – that promote the growth and activity of probiotics).
Examples of symbiotic snacks are yogurt with fruits109 and cereal
bars containing edible coatings incorporated with Bifidobacterium
animalis and inulin.110

Several studies have proposed the development of probiotic
snacks based on dehydrated fruits (e.g. apple108,111–114 and straw-
berry35) and tubers (e.g. yam).115 Probiotics were mostly incorpo-
rated by impregnation (soaking food pieces in a probiotic
solution) at atmospheric pressure35,108,113 or under vacuum112,115

prior to drying. Encapsulated probiotics were reported to survive
better than their free counterparts during drying and during pas-
sage through the gastrointestinal tract.114 Another method to
incorporate probiotics is by applying a probiotic-enriched edible
coating on the food surface,35,111 although probiotics impreg-
nated into strawberry halves have survived processing better
than probiotics in an alginate coating did, probably because the
impregnated bacteria penetrated more deeply into the straw-
berry tissues, thus being protected by the fruit matrix.35

Some studies reported production of probiotic chocolate by
inoculating probiotics into chocolate mass, always after the con-
ching step, thus avoiding deleterious effects from high tempera-
tures.116–118 The production of other probiotic snacks has also
been reported, including jelly candies with Brazilian fruits,119

cereal bars,110 dried date paste,120 and green apple baked
snacks.121

Final remarks
Snacks have changed over time, not only in composition but also
in terms of processing techniques. Most changes have been
focused on obtaining healthier snacking options. It should be
noted, however, that any health claims for marketing purposes
have to be scientifically proven and approved by regulating agen-
cies, such as the European Food Safety Authority, in order to pro-
tect consumers from being misled.9

Snacks have also been developed to meet the needs of specific
groups. The trend toward vegetarianism/veganism (motivated by
environmental and animal welfare reasons, besides an overall per-
ception of plant-based foods as healthier than animal-based
foods)122 has created a huge demand for plant-based protein
sources; for example, nuts (relatively expensive)56 and legumes
(low-cost protein sources).57 The high occurrence of food allergies
and intolerances, combined with high public awareness and
media coverage around them, have contributed to the so-called
‘free-from’ food movement, with particular emphasis on
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gluten‑ and lactose-free foods.123 Sincemany snacks contain wheat,
several studies have beenmadeongluten-free versions,123–128which
may be challenging, since gluten-free grains are deficient in proteins,
producing dough with poor cohesiveness and elasticity, and final
products usually with lower acceptance.128 Curiously, ‘free-from’
products are frequently (falsely) interpreted as healthier (for the gen-
eral population) than non-labelled products.129,130

Some age-related groups also have specific health and sensory
needs, which should be better understood and met by industries.
Elderly people not only have a declining ability to perceive flavor,
but also decreased muscle strength, hyposalivation, and possibly
deteriorated overall oral health,55 which requires flavor enhance-
ment and softer textures.55 Snacks for postmenopausal women
should be rich in calcium (since the decreased calcium absorption
may lead to reduced bone density) and fiber to promote satiety
(since postmenopausal women usually experience weight gain).55

Some novel technologies (apart from those presented in this
mini-review) may also be applied for snacks, including four-
dimensional (4D) printing. Whereas 3D printing technology has
been investigated for food applications owing to its low-cost
customized food designs,131 the concept of 4D printing132

involves time as a fourth dimension, relying on smart materials
that respond to environmental stimuli such as temperature, pres-
sure, or pH133,134 for changes in food properties; for example,
color,134,135 flavor,131 or shape.136

When it comes to changes in snacking choices, the main chal-
lenge is to meet the needs of modern people (including a huge
diversity of groups with specific demands) with the principles of
environmental sustainability and animal welfare, dietary changes
being presented as offering an opportunity for a triple win (health,
environmental sustainability, and animal welfare).16 And all this
should come along with sensory appeal, which is essential for
the success of any food product. Snacks have been part of peo-
ple's lives for a long time and will probably keep on being with
us whenever we are craving for something to chew on.
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