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Abstract

Whether it's a popular new product or a novel innovation, everyone is searching for the next great thing in confections. One
could argue that gummies are the next big thing, with projected retail sales of $5 billion by 2022 and growth of 3 to 4 per
cent yearly. Innovation is required to keep up with the gummi industry’'s growth and meet consumer demand. Thankfully,
the gummi's adaptability promotes the development of new formulation and production techniques. This section goes over
what gummi is, gummi recipes, the different kinds of cookers that are used, starch-less depositing, reducing the amount of

gelatin, making reduced-sugar and vegan gummies, and, finally, ways to lower the cost of producing gummies.

Keywords: Gummies; Vegan Gummies; Cardiovascular Diseases; Cardiac Problems; Expert Market Research

©2024 The Authors. Published by the JScholar under the terms of the Crea-tive Com-
mons Attribution License http://creativecommons.org/licenses/by/3.0/, which per-

mits unrestricted use, provided the original author and source are credited.

JScholar Publishers ] Med Plant Herbs 2024 | Vol 3: 102



Introduction

It is projected that the global gummy market, val-
ued at USD 16.28 billion in 2020, will develop at a com-
pound annual growth rate (Compound annual growth rate)
(CAGR) of 12.6% between 2020 and 2028. The market is in-
creasing rapidly because more and more people are becom-
ing health-conscious and prefer convenient dose forms of
supplements. The rapid pace of social and technological
change has led to unhealthy and stressful lives, which has in-
creased the prevalence of cardiovascular diseases (CVDs)
and cardiac problems. The aspiration and apparent capacity
to live longer and healthier lives have a significant impact
on preventive health practices. Gummies have a gel-like con-
sistency and are simpler to chew than hard pills and tablets.
The product is available in a variety of tastes as well. Global
product demand is rising due to all of these factors, which
are also encouraging market expansion (Gummy Market
Size 2022) [1].

One of the largest vegan food marketplaces in the
Asia Pacific area is the Indian market, per a report by Ex-
pert Market Research. The rise of the vegan food market in
India is being aided by the global market, which is expected
to reach a valuation of USD 15.4 billion in 2020. From 2022
to 2027, the vegan food market is expected to grow at a com-
pound annual growth rate (CAGR) of 26%. Most people
agree that supplements created without using any animals
are safer and healthier than those made with. Furthermore,
ethical issues around the use of animal components are

opening doors for expansion [1].

Sugary confections are being consumed in greater
quantities, which may pose a risk to public health. Items
that may be detrimental to human health include food addi-
tives, sugar, and glucose syrup provided at a high level (over
50%) (Garcia 2000). According to Garcia (2000), the confec-
tionery category which comprises hard and soft candies,
nougat, and gummies makes up around half of the market

[1].

Gummies and jellies may be healthier if sugar is re-
duced or even replaced with other sweetening items like
honey [2]. For example, rats fed honey exhibited considerab-

ly less anxiety than rats fed sucrose, according to research
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by Jacques et al. [3]. However, cutting back on sugar usually
increases moisture content, which raises the possibility of
microbiological hazards. This is unlikely to occur in the
case of gummies and jellies since the lowering of sugar lev-
els does not alter the water content to a degree that would
encourage the growth of microorganisms. However, any
modifications to product compositions should be assessed
in compliance with HACCP guidelines to safeguard con-

sumer health [4].

When making jellies, natural orange, strawberry,
and other red fruit juices or purees, as well as fruit by-prod-
ucts, have been explored [5,6]. These can provide healthier
formulations with antioxidant qualities in addition to en-
hancing the organoleptic (colour, flavour, and texture) quali-
ties of candies and jellies [7]. According to recent research,
adding anthocyanin extracts to gelatin and pectin gels can
have additional positive health impacts for people who con-
sume the products in moderation, in addition to serving as

a substitute for artificial colourants [8,9].

Standard Gummy Formulation

A gummi is a rubbery-textured gelatin dessert cre-
ated with flavour, acid, bulk sweeteners, and colours. In ad-
dition to stabilizing the product, the distinctive texture of
gummies sets them apart from other chewy candies like
liquorice or spearmint leaves. This texture is attributed to

the gelatin [10].

Collagen is the source of gelatin, a gelling agent.
Generally speaking, a gummi has 6 to 8 per cent gelatin, al-
though you can use more or less depending on the texture
you want. The ingredients in Gummies are rather simple:
sweeteners, stabilizers, flavours, and colours. Nonetheless,
several modifications result in a diverse array of profiles and

textures [10].

Gelatin comes in two varieties: Type A and Type
B. Type A gelatin is utilized in the formulations shown in
Figure 1. The term "type" describes the method used to ex-
tract gelatin. Type B is an alkali extraction, whereas Type A
is an acid extraction. The most common source of Type A
gelatin is pork skin, while the most common source of Type
B gelatin is bones. The isoelectric point of the two gelatin va-

rieties differs primarily; Type B's is 4.7 to 5.4 and Type A's is
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7.0 to 9.0. There is a large variety of bloom or gel strengths
for gelatins. More costly gummies typically have firmer ge-
latin due to a higher bloom number. Gelatin typically has a
bloom of 125 to 250, although there are instances of lower
and greater blooms. Changing the bloom strength, from a
greater to a lesser bloom, is a simple method to cut sugar
while maintaining product quality, cost, and texture opti-
mization. If variations in gelatin blooms are of significance,
the Figure 2 chart serves as an excellent resource for facilitat-
ing a seamless transition in formulation. It's crucial to re-
member that gelatins with a lower bloom strength tend to

result in gummies with a more chewy, elastic texture [10].

Variations in gelatin composition are not the only
thing that might cause gummies to have different textures.
The amount of corn syrup in a recipe, as well as the corn
syrup's dextrose equivalent (de) and associated carbohy-
drate profile, are additional variables that impact texture. Of-
ten, the main component of gummies is corn syrup. Corn
syrup serves as an anti-crystallizer and provides the gummi
body. These anti-crystallizing qualities extend the shelf life
of the product in addition to preventing crystallization.
Higher de-syrups provide sweetness, reduce viscosity, and
extend shelf life, whereas lower de-syrups typically give a

gummi body and strength [10].

The quantity of reducing sugars (dextrose/glu-
cose) in the product is known as its "dextrose equivalent,”
and when corn syrup is thinner, the cooked sugar slurry be-
comes less sticky and simpler to deposit. In addition to be-
ing sweeter than lower de, higher de also somewhat increas-
es the final product's stability. These alterations are accom-
panied by a shift in texture. A product with a higher de corn
syrup content will be less chewy and softer than one with a

lower de corn syrup content [10].

It is possible to alter the carbohydrate profile in ad-
dition to d e. Compared to regular 42 per cent corn syrup,
high-malose corn syrup (65% maltose) has more sweetness,
reduced viscosity, and superior humectant properties. A
high-maltose corn syrup will yield a sweeter, more stable
product and be simpler to deposit, much like the higher d e
corn syrup. Using high-maltose corn syrup also makes the

finished product less sticky [10].
There are other syrup alternatives available for
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gummies besides corn syrups. You can also use tapioca
syrup and rice syrup. The de and carbohydrate profiles of
the rice and tapioca syrups affect the gummi's texture, much
like they do with corn syrup. The fact that these syrups are
natural, organic, and GMO-free is becoming more and

more important to today's consumers [10].
Gummi Cooking Methods

Traditionally, gummies are prepared in coil cook-
ers, which circulate a pre-dissolved slurry through stainless
steel coils that are indirectly heated by steam. After the slur-
ry is heated to the proper solids, moisture is removed by
passing it through a vacuum aid. The slurry is heated, and
then flavours and colours are added before being sent to the
depositor. This cooking technique is well-known and essen-
tially error-free until the operator rushes and scorches the
product inside the coil. This may lead to undercooked
syrups, product deposits at the incorrect solids, and a mess

that needs to be cleaned up for engineering or maintenance.

Jet cookers are becoming a competitive alternative
to coil cookers, which are still a very popular way to cook
gummies. Starch-based goods are frequently cooked in jet
cookers. These cookers are a very simple and simplest way
to cook. Additionally, because of their tremendous efficien-
cy, they are very inexpensive. Jet cookers swiftly cook slur-
ries by using direct, high-pressure, extremely hot, food--
grade steam. Together, the steam's sensible and latent heat
accelerate the cooking process. After being heated, the slur-
ry is poured into a flash chamber, where other components
like acid, colour, and flavour are added as it cools. In starch
cooking, especially when using high-amylose starch, this

rapid, high-heat heating is crucial [10].

Jet cookers were not traditionally considered the
preferred way for cooking gummies since gelatin does not
require such high temperatures and heat to activate. But to-
day, gelatin gummies are being prepared in jet cookers
through retrofitting. Product manufacturers who use jet
cookers for gummies are benefiting from the steam's capaci-
ty to cook food quickly. Another advantage of the jet cooker
is that it uses less water in the initial syrup slurry because
the steam is direct. Unlike coil cookers, which use indirect
steam to heat the coils that contain the slurry, jet cookers

have the problem of requiring food-grade steam because it
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is in direct contact with the product [10].

Degradation of the gelatin must be prevented in
any cooking procedure. This happens when the gelatin is
overcooked or kept at a high temperature for an extended
amount of time. Because of this deterioration, the gel be-
comes less hard and loses structure due to a decrease in

bloom strength [10].
Depositing Methods

Any production process's ultimate purpose is to
maximize manufacturing efficiency. Maximum gummi de-
positing efficiency requires output rates of more than 2,000
pounds per hour. The slurry is "stoved," or dried, to the fi-
nal solid state after being placed at a lower, less stringy solid
level into dry moulding starch to operate at such high effi-
ciency. A refractometer will be used to measure the final
solids, which should be between 78 and 82 per cent after the
syrup is dried to a deposit of around 75 to 77 per cent. Ex-
cess moisture can be wicked out of the pieces and into the at-
mosphere thanks to the molding starch. moguls, a term for
depositing lines—are very big production lines that need a
significant amount of room to operate as efficiently as possi-
ble. Furthermore, moguls might cost as much as $10-$12
million and need between 500,000 and 1,000,000 pounds of
dry moulding starch [10].

Starchless Systems

Starchless moulding is an alternate technique for
gummi depositing. It involves depositing gummi into sili-
con/metal moulds or thermoformed plastic trays, which are
typically oiled with a release agent to enhance release after
setting. Faster set times, less capital investment, less need to
mould starch, and a lower danger of product cross-contami-
nation are benefits of starchless depositing. In light of cur-
rent notifications on food safety and traceability, starch con-
tamination is growing in importance. In connection with
this, gummies have developed into an excellent vehicle for
the delivery of vitamins and pharmaceuticals, which empha-
sizes the importance of preventing contamination. When
tailings or product residue are left in the starch, contamina-
tion occurs. Cross-contamination can lead to concerns with

allergens or active ingredients [10].

Using plastic or rubber mould inserts in the starch

JScholar Publishers

4

boards and doing away with starch moulding has allowed
for a fair amount of success in adapting moguls to operate
without starch. The formulations utilized typically a combi-
nation of gelatin and pectin, pectin, or another stabilizer
and the requirement for a mould release agent to help the
product come out of the moulds once it has set determines
how successful the process is. As an alternative, specialized
systems that use silicon, plastic, or metal moulds similarly
can be used; these systems are typically much smaller in de-
sign than a typical starch-based system and include a
mould, depositor, cooling or setting chamber, mould, and
de-moulding section; some of these systems even can run
book moulds, which are costly but enable the creation of

three-dimensional pieces.

While there are starchless deposits that resemble
book moulds in use, none of them is yet able to produce
gummies with the rubbery texture that comes with starch
moulding. Despite the gelatin in the recipe, these deposits

are instead yielding a more jelly-like texture in their result.

Specialized European gelatin for starchless mould-
ing was tested at 11% and compared to a 6.5 per cent
starch-moulded control piece to create a gummi that was
starch-moulded equivalent to a starch-moulded product.
The texture of the starch-free product was comparable to
the starch-molded portion, but it was less elastic and harder
to chew through despite having nearly twice as much ge-
latin. Furthermore, the taste was not as intense, and to be
honest, even when they are fresh, starchless portions can
taste a touch stale. Texture can be adjusted by adding pectin
or adjusting the amount of gelatin; nonetheless, it could re-
quire a lot of time and resources to obtain a texture that is

exactly like a gummi made in a starch mogul [10].

Formula Advancements

Although different amounts of gelatin are com-
monly used to make gummies, there are certain disadvan-
tages to using it, including expense, thermos-reversibility,
and dietary restrictions (such as vegan, kosher, and halal).
Nevertheless, combinations of stabilizers—some with and
without gelatin are still being tested and employed for finan-

cial savings, albeit with varying degrees of success [10].

It's not new that starches can be used to make gum-
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mies; in fact, several businesses are already using them to
cut costs. The purpose of adding starches to gummies is to
lower the price and increase stability without sacrificing the
product's natural gummi qualities. This reasoning is based
on the notion that the starch addition will aid in the piece's
gelling, and the smaller amount of gelatin will subsequently
contribute to its rubbery texture. This helps to a certain
amount, but problems with cloudiness, taste masking, and
loss of certain textural quality are common. Furthermore,
it's concerning that some of these starches need to be fully

activated, which calls for the usage of a jet cooker.

Even though starches are widely utilized and recog-
nized today, their ability to degrade product quality still lim-
its their acceptability. The majority of thin-boiling starch
variants result in a piece that seems hazy, as the comparison
in Figure 8 illustrates. One of the most popular modified
starches in chewy treats is thin-boiling starch. Because of its
decreased viscosity at high temperatures, this hydrolyzed
starch is perfect for effective deposition in a manufacturing
environment. However additional starch modifications,
such as cross-linking and heat treatment, are required to re-
plicate the texture of gelatin. While many of these starches
require the high heat and shear of a jet cooker for gelatiniza-
tion, some modifications to starch perform a better job at

producing a rubbery, gelatinous texture [10].

Despite all of these changes, the product still has
the relative stickiness of starch, its impact on the pure gelat-
in's clean bite or chew, and its taste mask (certain starches,
even when designated as flavourless, nevertheless leave
starchy undertones). Because of these drawbacks, it has
been challenging to lower the cost of gummies by using con-
ventional corn-based starches, as the end product frequent-

ly changes in texture, appearance, flavour, and quality.

Research on substitutes for or extensions of ge-
latin, such as carrageenans or other speciality starches, is al-
so ongoing. High-methoxyl pectin is commonly added to
gummies to address stability concerns, but once more, this
addition is usually seen as changing the final chewiness and

texture of the product. Additionally, pectin is a more expen-
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sive substitute in terms of price.

Utilizing modified potato starches has been
proven to have substantial value and benefits in recent
studies. Potato starch has similar benefits to modified starch-
es derived from corn, such as neutral taste, stability, and no
need for additional cooking. It also offers a superior gelati-
nous texture that is chewable, bite-sized, and malleable. For
many years, gelatin extenders and substitutes have been the
subject of testing; recently, one was found to merit further
investigation. This is a Danish potato starch that has been
modified. It has been confirmed that combining this modi-
fied potato starch with a mixture of gelatin will result in a
high-quality gummy that can be cooked in any kind of cook-

er. It can also be prepared using an open pan method [10].
Formulation Techniques

Various fruit combinations (apple, orange, straw-
berry, and mixed berries) were tested in this study along
with other ingredients to create some recipes. However, fol-
lowing initial screening, some of the formulations were
deemed unsatisfactory in terms of texture, appearance, con-
sistency, or taste (basic qualitative evaluation made only by

the developers) [1].

Two varieties of gummy jellies were used in the ex-
periments, and the thickening agents were pork gelatin
(ROYAL, Portugal) and agar (NATALI Biologique). The
gum preparation process is depicted in Figure 1 and can be
summed up as follows: Slow dissolution of thickeners oc-
curred in heated liquids. The mixture was left in a water
bath at a temperature of between 70 and 75 degrees Celsius
for an extended period, allowing the ingredients to dissolve
completely. Following full homogenization, the mixture was
poured into heart-shaped tray moulds, producing around
5g of gums. Before cooling to a temperature that balanced
with the kitchen, these trays were left at room temperature
for roughly thirty minutes. They were then kept in a refriger-
ator at +4°C for a whole day. They were taken out of the
moulds after a day and placed in a covered container that
was refrigerated for additional examination. After a week,

no overall changes in appearance have been seen [4].
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Reduced-sugar Gummies

Sugar-free gummies are another popular trend in
gummi formulation. These recipes have included reduced--
sugar basic recipes, sugar-free recipes made with polyols,
and most recently, no-sugar/no-polyol gummies. With their
sugar-free and polyol-free gummies, a few firms have made
a significant sensation in the market, and it's feasible that
more will follow suit in the future. The development of
durable starches, fibres, and gums (bulking agents) has
made it possible to formulate and manufacture these kinds
of materials. However, the formulation is challenging be-
cause, similar to starch, not all fibre is created equal. These
useful fibres come from chicory roots, tapioca, and corn,
among other plants. While some are offered in liquid form,
others are in powdered form. Different fibres have different
uses; some work well for candies like gummies or other
hard sweets or chews, while other types work better for

things like granola bars or drinks [10].
Vegan Gummies

Vegan substitutes for candies are yet another area
of growing attention. Are vegan gummies possible given the

developments in starches and fibres? Both yes and no. It is
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feasible to make vegan products, however, depending on
how they feel, they can be mistaken for liquorice rather than
gummies since starch replaces all of the gelatin, which takes
away part of the texture and bounce that makes a product
unique. Several of these starches were subjected to vegan
substitute testing, and one of them turned out to be com-
parable to a piece of gelatin. This starch is an additional
type of modified potato starch from Denmark. While it's
not quite a German-style gummi, this vegan product is still
of excellent quality. The texture is considerably more gelati-
nous than some of the other vegan gummies that are now
being made with pectin or cornstarch, making this one a bet-

ter product overall, in the opinion of many.

Vegan gelatin is another alternative that isn't acces-
sible right now, but it might be sooner rather than later. A
business based in the San Francisco Bay area has successful-
ly created vegan gelatin that is devoid of fish, cow, and pig
hides, hooves, and bones. This company uses animal pro-
tein and collagen sequences to sequence DNA, which is
then converted into gelatin by these bacteria. The corpora-
tion decided to use the d n a sequence of a mastodon, a pre-
historic ancestor of the elephant, to demonstrate that no ani-

mals were injured in the process. Although they were suc-
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cessful in producing gelatin, it was not on par with the ani-
mal-based product that is currently on the market. The com-
pany is still searching for the right sequencing that will yield
stiff gelatin that is both FDA-approved and generally recog-
nized as safe (g r an s) and similar in texture to the present
animal-sourced varieties. The FDA closely monitors the
practice of mimicking nature, which is cause for serious con-

cern; still, a DNA sequence.

If authorized, the bacterium wouldn't be the first
to be genetically altered. Success with modified oils and pro-

teins has been comparable [10].

Gummy candies production with a natural sugar

source

Molasses is a naturally occurring, healthful prod-
uct that is often manufactured from sugar-rich fruits like
grape, mulberry, and carob by heating their juices to 70-80
soluble dry matter content to increase shelf life, without add-
ing any additional ingredients [11]. Its high sugar content,
which is primarily made up of monosaccharides like glu-
cose and fructose that readily enter the bloodstream with-
out digestion, is linked to its healthful qualities in human
nutrition, in addition to minerals, organic acids, and bioac-
tive compounds [12]. In Turkey and Iran, molasses is a typi-
cal breakfast food, either eaten by itself or combined with
tahini [13,14]. Numerous studies on enrichment have de-
monstrated that adding molasses to formulations of differ-
ent dairy (yoghurt, ice cream), bakery (cake), confectionery,
and meat products can improve their nutritional quality, in-
crease their antioxidant potential, and improve their miner-
al pattern without adversely affecting their palatability and
acceptance [15-18]. This study is the first to attempt using
grape, mulberry, and carob molasses in gummy candy as a
high-sugar system. Both adults and children consume large

quantities of candy items [19].

The main ingredients used in the making of gum-
my candy are sucrose, glucose syrup, water, gelling agent (a
combination of gelatin, starch, and pectin), and small
amounts of food acids, flavourings, and colourings [20]. In-
ternational health experts believe that candy's high glycemic
index and high-calorie content contributed to the rise in ev-
eryday candy consumption and related health issues such as

obesity, dental decay, and hyperglycemia [5,21]. As a result,
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the food industry and health-conscious consumers are al-
ways looking for sugar-free substitutes that may be used in
candy production without sacrificing the product's texture,
volume, taste, shelf life, or processability [22]. In addition to
being a sweetener, sugar also affects how water and hydro-
colloids behave during the sol-gel transition, increases brix,
and causes caramelization and/or the Maillard process. The
solubility (i), sweetness (ii), interaction with the gelling
agent (iii), and effect on the structure (iv) of new materials
with the balance with other components are the primary is-
sues in the sugar replacement research for the manufactur-

ing of gummy candy [21,23].

In agar-based fruit jellies, oligofructose and poly-
dextrose syrup, sucralose, and erythritol were partially or
completely substituted with sucrose and glucose syrup, and
similar outcomes were seen across samples [22]. In a differ-
ent study, the appropriate jam-like texture was achieved by
replacing sugar with 25% stevioside and sucralose in man-
gos [24]. According to [5], the manufacture of healthier can-
dies using honey instead of sugar was also examined to de-
monstrate the impact of hot and cold mixing strategies. Al-
though mixing methods did not affect the texture parame-
ters of the gels, they found that 55 C was the ideal tempera-
ture to protect the diastase activity in the honey-based gum-

my candies, which had a high level of sensory acceptability.

However, using molasses directly in the produc-
tion of gummy candy presents a collective solution to the
problems of sugar and its alternatives. Molasses include nat-
urally soluted forms of glucose, fructose, and sucrose with
varied ratios which led to the processability of the gummy
candy mixture without the need for high temperature. The
adjustment problem of total soluble solids in these products
is the main constraint for satisfactory product development.
Therefore, dietary fibre addition as a bulking agent was con-
sidered to be a new and widespread approach to resolving
this problem [21]. These molasses sugar profiles influence
the gelation and crystallization behaviour of the candy struc-

ture in addition to intensifying the sweetness of the candy.

Additionally, Maillard products, Strecker decom-
position products, and compounds created by carameliza-
tion reactions are the sources of molasses' distinct flavour

and dark colour [14]. Molasses offers a chance to create
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functional confectionery products, which frequently have a
high glucose syrup/sucrose ratio due to its many sugar types
and bioactive components [20,25]. Therefore, the purpose
of this study was to ascertain how grape, mulberry, and
carob molasses affected the texture formation and gelation
properties, which are essential for exposing the gummy can-

dies' physical and sensory qualities.

Production of molasses-based gummy candies

For the manufacturing of candies, a slightly modi-
fied version of Mutlu et al.'s (2018) methodology was used
[5]. 50 mL of room temperature distilled water was added
to a beaker containing 5.0, 7.5, and 10.0 g/100g gelatin
dosages of the entire formulation (gelatin dissolution water
and molasses weight). To allow the gelatin to take water in-
to its structure and swell, five minutes were given. Para-
film-sealed beakers with expanded gelatin were placed in
the water bath at 70 C for 30 minutes. After adding 0.1
g/100 g of potassium sorbate, the solubilized gelatin solu-
tions were cooled by swirling in a magnetic stirrer at 50-55
C for one to two minutes. For an additional two to three
minutes, the room-temperature molasses was combined
with a gelatin mixture. Pour into silicone moulds, the mixes
at 36-38 C are stored at 4 C for 24 hours. After that, the
samples were taken out of the moulds and allowed to sit for
two days in a desiccator filled with saturated potassium car-
bonate solution. Samples of the candies made with molasses
were removed from the desiccator and kept in plastic boxes
at4C.

Development and characterisation of healthy gum-

my jellies containing natural fruits

Both adults and children consume a lot of candy
products. 86.8% of 6- to 8-year-olds in Portugal eat these
goods at least three times a week . Because they are chewy
and natural, jelly beans and gummies are especially well--
liked by younger people [26]. These goods have a structure
that resembles gel and contain fruits (at least 45 g/100 g)
and sugars (in the form of glucose or sucrose syrup, at
around 55 g/100 g) together with food colouring, fra-
grances, and gelling ingredients [5,27]. However, because jel-
lies and gummies contain a lot of sugar and food additives,
along with undesirable compounds like acrylamide or hy-

droxymethyl-2-furaldehyde that are produced during the
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heat treatment process, excessive and widespread consump-
tion of these confections is believed to hurt public health. A
significant prevalence of obesity, dental decay, and hyperg-
lycemia has been linked to these goods [28,29]. In response
to customer demands for better formulations, companies
are under increasing pressure to reduce sugar in these
goods, and their low nutritional benefits have also been
questioned. Gummies and jellies may be healthier if sugar is
reduced or even replaced with other sweetening items like
honey [2]. For example, rats fed honey exhibited considerab-
ly less anxiety than rats fed sucrose, according to research
by Jacques et al. [3]. However, cutting back on sugar usually
increases moisture content, which raises the possibility of
microbiological hazards. This is unlikely to occur in the
case of gummies and jellies since the lowering of sugar lev-
els does not alter the water content to a degree that would
encourage the growth of microorganisms. However, any
modifications to product formulas should be assessed using

the HACCP principles to safeguard consumer health.

To make jellies, natural orange, strawberry, and
other red fruit juices or purees, as well as fruit by-products,
have been studied [5,6]. These can provide healthier formu-
lations with antioxidant capabilities in addition to enhanc-
ing the organoleptic (colour, flavour, and texture) qualities
of candies and jellies [7]. According to recent research, add-
ing anthocyanin extracts to gelatin and pectin gels can have
positive health consequences for people who consume the
products in moderation, in addition to serving as an alterna-

tive to synthetic colourants [8,9].

Our research team created several substitute for-
mulations in response to consumer demand for jellies or
gummies that retain their typical tactile qualities while offer-
ing enhanced nutritional benefits. Guineé et al. [30] conduct-
ed a previous study wherein they experimented with vari-
ous combinations based on fruits and herbs to incorporate
both natural colourants for colour and flavour. The compo-
sitions included berry fruits with high concentrations of an-
thocyanins and other phenolic compounds with antioxidant
activity, such as blueberries, raspberries, and strawberries
[31,32]. Additionally, the natural taste enhancers anise and
mint, which were also included in these formulations, in-

clude advantageous elements with biological activity [33].
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In light of this, the purpose of this study is to cre-
ate tasty and nutritious gummy jellies made entirely of natu-
ral components like orange juice and red fruit puree, free of
artificial sweeteners or food additives. This is a first step to-
wards solving the issue. To illustrate the health benefits of
these gummy jellies while retaining the majority of their de-
sirable organoleptic properties, we have also evaluated them
in terms of colour, texture, antioxidant activity, microbiolog-
ic safety, nutritional composition, and sensorial evaluation
at this stage. Furthermore, a comparison was made between
the nutritional value of the homemade gummy jellies and

commercial formulations.

Natural Colors and Flavors

All food product categories are starting to elimi-
nate artificial additives these days, and gummies are no ex-
ception. Industry discussion on natural ingredients, especial-
ly colours, has been rather extensive. To clarify, several natu-
ral hues are sensitive to pH and heat. The final product's pH
has the potential to impact both the colour and stability
over time. Regarding colour use issues, colour providers
should be engaged as they possess extensive knowledge in

this area [10].

Sustainable performance of cold-set gelation in con-
fectionery manufacturing and its effects on the per-

ception of sensory quality of jelly candies

In the candy industry, jellies and gummies are a
well-liked and rapidly expanding category of confections
[34]. They consist of a wide range of goods made from a
blend of sugar syrups and hydrocolloids, or gelling agents,
including pectin, starch, and gelatin [35]. Depending on the
hydrocolloid utilized and the final moisture content of the
confection, their technological and organoleptic properties
change [36]. Confectionery launches with labels touting sus-
tainability, fortified formulation, healthfulness, and useful-
ness have recently invigorated the candy market [37,49].
The need for more mindful, practical, wholesome, and natu-
ral food options has surged due to consumers' growing inter-
est in maintaining a sufficient diet [37]. Gummies and jel-
lies containing fruit ingredients are an excellent way for the
confectionery industry to capitalize on promises of natural-
ness and healthfulness. Fruit jelly candies are distinguished

by their superior sensory quality, reduced sugar level, and
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lack of artificial flavourings and colouring [38].

Regarding sustainability claims, the candy indus-
try has placed a lot of emphasis on environmentally friendly
production techniques like "fair trade," organic, and other
processes that try to lower energy use and waste emissions
for the environment throughout the whole food processing
and packaging chain [37]. Labels for claimed launches must
adhere to technical specifications and existing laws. Food la-
belling regulations must be adhered to by formulations us-
ing natural ingredients and enhanced nutritional composi-
tion [39]. To adopt environmental labelling on their prod-
ucts, companies must incorporate environmental audits or
get third-party certification [40]. The packaging for Interna-
tional Standards Organization (ISO) certification is fre-

quently sought in this context [41].

The most prevalent sustainable labels in the world
are those that are self-declared to be environmental. They
are based on self-declarations by manufacturers or
merchants and provide a low-cost, easily applicable way to
display environmental information for consumers [41].
Various types of environmental labels, such as energy la-
bels, carbon labels, green stickers, eco-labels, and product la-

bels, are available.

Due to their potential to reduce carbon emissions
and be more energy-efficient, a growing percentage of con-
sumers are willing to pay extra for green products [42]. The
scientific literature has thoroughly examined and document-
ed novel technologies and approaches that seek to improve
the environmental management of the confectionery pro-
duction sector. The use of cold-set gelation technology in
the production of jelly sweets is notable among the recently

appointed alternatives [43].

The process of creating gels by mixing particular
hydrocolloids in particular ways without heating them is
known as "cold-set gelation." This method shows promise
for industrial processing of low-temperature stable products
[44]. Two gelling substances that have a particular ability to
cause cold-set gelation are sodium alginate and high
methoxylation pectin. These hydrocolloids can form cohe-
sive nets at room temperature when combined with a medi-

um that has a pH of 3.4-3.8 [45].
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Because of its low processing temperatures, which
allow the preservation of thermosensitive compounds in
fruit ingredients and produce fruit candies with higher nu-
tritional value [43], as well as its promising lower energy re-
quirement, recent studies have suggested that the sodium al-
ginate/high methoxylation pectin cold-set gelation could be
a sustainable technology that could replace the traditional

jelly candy manufacturing process.

While the process of making jellies and gummies
varies slightly depending on the gelling agent used, all con-
ventional manufacturing processes generally involve the fol-
lowing steps: (i) mixing ingredients to dissolve all sweeten-
ers and solubilize hydrocolloid; (ii) cooking to reduce water
content and induce gelation); (iii) cooling the syrup and ad-
ding food additives (colours, flavours, and acids); (iv) dos-
ing the syrup in dried starch powder moulds in starch
mogul systems; (v) Curing or stoving (drying the moulded
candies in curing rooms to remove excess moisture, cool,
and solidify the candies); (vi) finishing (coating the candies

with oil or sugar coating) [36].

The cooking stage can be carried out using various
machinery systems, including coil cooking, swept surface
heat exchangers, vacuum cooking, and batch kettle cooking
[36]. A group states that, in addition to cool rooms, cooling
towers, and conveying systems, the most energy-intensive
processes in confectionery production lines are cooking sys-
tems and hot water and boiler systems, which supply energy

for the cooking equipment [36].

Too many nations rely on fossil fuels (coal, oil, nat-
ural gas, and secondary fuels) to run their boiler and hot wa-
ter systems, which has negative environmental effects like a
large carbon footprint [47]. The amount of fossil fuels
burned varies depending on the nation's consumption, but
roughly 37% of the world's CO2 emissions are thought to
come from them [48]. With about 294 GWh of primary en-
ergy consumed and 60,000 t CO2 emissions annually, the in-
dustrial production of jellies and gummies accounts for al-
most 25% of the energy consumption of the entire confec-

tionery industry [49].

The cold-set gelation technique stands out as a sub-
stitute for the cooking process in the creation of jelly sweets

since it aims to reduce energy requirements and environ-
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mental emissions. When alginate/pectin cold-set gelation is
used in conjunction with component mixing, direct syrup
dosing in dry starch moulds, curing or stoving, and finish-
ing, sweet-gelled structures can be produced without the
need for heating, as stated by Avelar & Efraim. In cold-sett-
ing manufacture, electric-moved mixing equipment takes
the role of the normal cooking step's machinery, and heat
generation systems are not needed. This lowers the candy
manufacturing line's energy consumption and environmen-

tal emissions.

Only laboratory-scale evaluations of cold-set pro-
cessing have been conducted in published studies yet [43].
However, a higher-scale analysis of its sustainability poten-
tial is still required to obtain a more accurate assessment of

the environmental effects on industrial lines.

It is also necessary to assess the impact of this new
technology on sensory consumer acceptability and the po-
tential for environmental claims to be made about the pro-
duced items. These data can be a valuable source for guid-
ing the industrial confectionery industry, as studies about
consumer behaviour and the sensory perception of environ-
mentally marked candies are not widely available in the liter-

ature.

In this context, the study's objectives were to as-
sess the high methoxylation/sodium alginate cold-set gela-
tion technique's sustainable performance as a tool for pro-
cessing jelly candy in comparison to the conventional manu-
facturing process in transposed processing scale lines and
confirm the effect of sustainable claims on the produced

candy's label on its sensory acceptability.

Improvement of Vitamin C Stability in Vitamin

Gummies by Encapsulation in Casein Gel

Chewable gels also referred to as gummies that
contain vitamins have become more and more popular in re-
cent years because they are easy to swallow, have a pleasing
look, and have delicious flavours, especially for kids and old-
er persons. By 2025, the chewable gummy market in the US
is expected to grow to $4.17 billion. Water-soluble vitamin
C promotes healthy growth and improves the absorption of
iron. The recommended daily allowances (RDAs) for vita-

min C are 45-75 mg for children and teenagers (<18 years
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old) and 75-90 mg for adults (19 years of age and over). Vi-
tamin C can be added to gummies as a single vitamin or as
part of a multivitamin with other vitamins. During food pro-
cessing and storage, vitamin C is vulnerable to heat, light,
humidity, oxygen, and pH variations from its ideal range
[50]. To make up for the vitamin C lost during processing
and storage, gummy manufacturers typically add excessive
amounts of the vitamin during manufacturing, which caus-
es a disparity between the quantity of vitamin C that is la-
belled and the real amount [51,52]. Consequently, to mini-
mize the excessive amount given to vitamin C supplements
during the gummy manufacturing process, it is imperative
to enhance vitamin C stability and decrease degradation dur-
ing processing and storage. Boiling sugars and gelling ingre-
dients to high temperatures (>110°C) is how gummies are

made.

The mixture is boiled, flavoured, and coloured,
and contains active substances like vitamins. It is then
moulded and dried [5]. Under typical storage circumstances
(20-25°C, 50-60% relative humidity (RH)), gummy supple-
ments typically have a shelf life of 1-2 years [53]. The main
factor affecting the shelf life of gummies is moisture migra-
tion, which can be caused by loss or uptake and is influ-
enced by the encapsulant materials and processing tech-
niques used [54]. Depending on the variation in their water
activity and the relative humidity of the surrounding air,

gummies may absorb or lose moisture [55]. Furthermore, vi-
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tamin gummies must retain their purported vitamin poten-
cy throughout their shelf life as dietary supplements [56].
As previously stated, vitamin C is susceptible to changes in
pH, high temperatures, humidity, light, and oxygen. To
guarantee vitamin C stability in gummy supplements, it
would be desirable to employ encapsulating materials with

high stability against the aforementioned conditions.

Conclusion

The popularity of gummies as a dessert is still ris-
ing. They are also still expanding in the supplement indus-
try as a means of distributing active substances. Gummies
are a highly versatile food. They can be made to be stretchy,
soft, or stiff by varying the concentration and potency of ge-
latin. Additionally, gummies can be vegan, sugar-free, or-
ganic, or natural.

In our investigation, potato starches produced the
greatest outcomes, lowering the need for gelatin while pre-
serving product integrity at a lower expense. Better heat sta-
bility and the versatility of potato starch to be cooked in any
kind of cooker are two other benefits. Potato starch can be

used in place of gelatin to create high-quality vegan gummi.

Although gummies are the main topic of this es-
say, many of the ideas discussed here also apply to other can-
dies. With any luck, this material has helped clarify the cur-
rent state of gummies and inspire others to work toward de-

veloping the next wave of gummies.
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