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Artificial sweeteners have gained increasing attention as dietary assessment tools to help combat the obesity
epidemic by providing a sweet taste without the extra calories. Individuals widely use non-nutritive sweeteners
(NNS) in attempts to lower their overall daily caloric intake, lose weight, and sustain a healthy diet. Recent studies
have suggested that NNS consumption can induce gut microbiota dysbiosis and promote glucose intolerance in

healthy individuals that may result in the development of type 2 diabetes mellitus (T2DM).
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| 1. Introduction

Artificial sweeteners have gained increasing attention as dietary assessment tools to help combat the obesity
epidemic by providing a sweet taste without the extra calories [l. Taste has a significant role in human perception
of food quality, contributing to its overall pleasure and enjoyment. To this end, the development of sweeteners as
food additives that mimic the sweet taste of natural sugars suggest promise 2. These artificial sweeteners are
classified as nutritive or nonnutritive, both of which enhance the flavor and texture of food. Nutritive sweeteners
contain carbohydrates and provide calories (energy). Non-nutritive sweeteners (NNS) are very low calorie or zero
calorie alternatives that provide minimal or no carbohydrates or energy 1.

As part of dietary intake, NNS consumption can modulate energy balance, and metabolic functions through several
peripheral and central mechanisms, suggesting that NNS are not inert compounds as once thought 4. However,
the specific mechanism(s) and details of the effects of NNS consumption on host metabolism and energy
homeostasis remain to be elucidated. This is particularly relevant as NNS have been an option for individuals to
improve their health; yet, NNS consumption has been associated with increased risk factors for metabolic
syndrome B, Here, metabolic syndrome refers to the collection of physiological, biochemical, clinical, and
metabolic factors that contribute to the increased risk of cardiovascular disease and type 2 diabetes melitus
(T2DM) (8. Based on measurements and laboratory tests, metabolic syndrome can also contribute to hypertension,
glucose intolerance, proinflammatory state, atherogenic dyslipidemia, prothrombic state [, and kidney disease .
It is noteworthy that the cause of these health-related issues may be due to emerging contaminants in the
environment worldwide and their associated risks to human health and the environment [, Interestingly, one study

identified a total of 24 non-nutritive artificial sweeteners studies to their occurrence in the environment from 38
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locations globally across Europe, including the United Kingdom, Canada, United States, and Asia. Overall, the
findings of the study indicated that non-nutritive artificial sweeteners are present in surface water, tap water,
groundwater, seawater, lakes, and atmosphere . Furthermore, in a Norwegian pregnancy cohort study, sucrose-
sweetened soft beverages were reported to increase the risk of congenital heart defects (CHDs) in offspring, while

fruit juices, cordial beverages, and artificial sweeteners had no associations with CHD 12,

| 2. Current Status on the Use of Non-Nutritive Sweeteners

Currently, the Food and Drug Administration (FDA) has approved the use of acesulfame-potassium (Ace-K),
aspartame, neotame, saccharin, sucralose, and stevia

(https://www.fda.gov/food/ingredientspackaginglabeling/foodadditivesingredients/ucm397725.htm). Saccharin was

discovered as early as 1876 and was the “original” artificial sweetener used in the food industry. Unfortunately,
saccharin and many of its sweet alternatives have been considered to be health hazards, and as a result, are
banned in many countries. Recently, other sweeteners have been developed and implemented within the food
industry. In general, there are three primary types of sweeteners used in the food industry today: high-intensity
sweeteners (e.g., acesulfame potassium, advantame, aspartame, neotame, saccharin, and sucralose), sugar
alcohols (e.g., erythritol, glycerol, mannitol, sorbitol, and xylitol), and natural sweeteners (e.g., honey, lucuma
powder, maple syrup, monk fruit known as Siraitia grosvenorii swingle fruit extract, stevia, and yacon syrup) 11,
These sweeteners and their uses in the food industry are summarized in Table 1. The high-intensity sweeteners
can be synthetic or natural and are classified into two categories: nutritive and non-nutritive. The majority of high-
intensity sweeteners used today fall into the non-nutritive category, with the exception of aspartame. Sugar
alcohols are found naturally in small amounts in fruits and vegetables but are produced commercially in larger

guantities.

Table 1. Classification of Food and Drug Administration (FDA)-approved sweeteners.

Relative
o ) Sweetness
Name Brand Names Applications in Food Industry
(Measured to

Sucrose)

High-intensity Sweeteners

] Beverages, bases, and mixes for
) Sweet and Low®, Sweet Twin®,
Saccharin many food products, table sugar 200-700x%
Sweet'N Low®, Necta Sweet® _
substitute
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Relative
o ) Sweetness
Name Brand Names Applications in Food Industry
(Measured to
Sucrose)
Soft drinks, chewing gum,
udding, cereals, instant coffee
Nutrasweet®, Equal®, Sugar P g
Aspartame * Twin® 200x%
win
Also distributed as a “General
Purpose Sweetener”
Beverages, candy, frozen
Acesulfame- desserts, baked goods
potassium (Ace- Sunett®, Sweet One® 200x
K) Heat stable so it can be used in
baking
Sucralose Splenda® 600x
Neotame Newtame® Beverages, candy gum 7000-13,000x%
Baked goods, beverages, frozen
desserts, frosting, chewing gum,
Advantame N/A o ) 20,000x%
candy, pudding, jelly and jam,
gelatin
Sugar Alcohols
Fondant, ice cream, gum,
Erythritol tabletop sweeteners, chocolate, 0.60x-0.70x
dairy products, jelly, beverages
Glycerol Dairy products, processed fruits,

energy bars, jam, fondant
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Relative
o ) Sweetness
Name Brand Names Applications in Food Industry
(Measured to
Sucrose)
Often used as a thickening agent
and to provide texture to food
Infant formula, frozen fish,
Mannitol precooked pasta, butter, 0.50%x—0.70x
chocolate flavored coatings
Sorbitol -
. Used as emulsifier 0.66x
(Glucitol) *
Hard candy, chewing gum, mints,
Xylitol ice cream, chocolate, cookies, 1x
beverages, table sugar substitute
Natural Sweeteners
Natural constituents of leaves of
Steviol Stevia rebaudiana (Bertoni) )
) Beverages, chewing gum, candy 200-400x%
glycosides plant, commonly known as r
Stevia .
>ublic
Luo Han Guo o o ) _
. Siraitia grosvenorii Swingle fruit -ood
Monk fruit Tea 100-250x%
extract (SGFE)
extracts
d
Beverages, pudding, granola,
Lucuma powder
pastry, baked goods 1y

5. Hess, E.L.; Myers, E.A.; Swithers, S.E.; Hedrick, V.E. Associations between Nonnutritive
Sweetener Intake and Metabolic Syndrome in Adults. J. Am. Coll. Nutr. 2018, 37, 487—-493.

6. Kaur, J. A Comprehensive Review on Metabolic Syndrome. Cardiol. Res. Pract. 2014, 2014,
943162.
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and diabetes. In Sweeteners: Pharmacology, Biotechnology, and Applications; Merillon, J.-M.,

remains growm% (&(;)ncgrn about the patentially ‘harmful side effects associated with NNS consumptlon.lglthough
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1 4.Physialogical Effects of Non:Nutritive Sweetepers,, ., o5

118ciegmagtioaenc®. dorbesityitivel sabetes engken WiGctoskeHdighpFrogiuse \@lukn &erup)dridagseakiaddiet
sunﬁemﬂmjcﬁp’riﬁggenﬂew Yorkpy, thkg/hjgogugappjiets_@mtribute to metabolic disorders 4. The National
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Figure 2. Gut microbiota dysbiosis and metabolic syndrome. Dysbiosis of the Firmicutes:Bacteroidetes ratio is

associated with several conditions characteristic of metabolic syndrome, including weight gain/obesity, insulin
resistance, high-fat diets, gut permeability, and inflammatory bowel disease (IBD). As a result, NNS consumption
may contribute to the development of these conditions due to alterations in the Firmicutes:Bacteroidetes ratio. A
bifidobacteria decrease combined with an enterobacteria increase leads to endotoxemia that causes a chronic low-
grade inflammation associated with some pathological conditions such as insulin resistance and increased gut

permeability. A right balance in the microbiota may be considered in gut homeostasis and maintaining the
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microbiota can be considered prebiotics and restore eubiosis in some pathological conditions. Abbreviations: I1BD,

inflammatory bowel disease; NNS, non-nutritive sweeteners.

7. Non-Nutritive Sweeteners Interfere with Learned
Responses to Sweethess

Sugar and its sweet-tasting nutritive and non-nutritive alternatives have become a staple in the diet. However,
sweet-taste has been associated with learned behavior 83, As discussed previously, sugar consumption has been
associated with an increased GLUT2 and GLUT5 expression, which play a role in CCK expression in the ileum of
isocaloric diet-fed rats enriched with fructose or glucose B4, The enriched diets provide additional calories,
resulting in animals having enhanced total caloric intake 2. In contrast to natural sweeteners such as fructose or

sucrose, NNS was thought to be excreted after passing through the Gl tract unchanged resulting in no energy gain
[66],

Theoretically, the metabolic effects observed with the use of natural sweeteners should be absent with NNS
consumption. Paradoxically, NNS consumption has been associated with weight gain. It is hypothesized that the
separation of sweetness from calories interferes with physiological responses and the interaction of NNS with
sweet-taste receptors in the gut that affect glucose absorptive capacity and homeostasis 268l Although
epidemiological studies have shown an association between artificial sweetener use and weight gain, evidence of a
causal relationship is limited; however, recent animal studies provide intriguing information that supports an active
metabolic role of artificial sweeteners 2. Indeed, the low or zero caloric value of NNS can result in caloric
compensation, whereby there is an adjustment for calories consumed at one occasion by reducing caloric intake at
subsequent opportunities. Thus, weakened caloric compensation can result in excess energy intake that ultimately

leads to increased weight gain 62,
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