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Abstract 
In today’s generation, due to increased sedentary life, life-style related disorders have become more 

prominent. This makes people more conscious about the food they consume and how the food impacts 

the health of an individual. Wise use of sweetening agents can reduce the impact of sweeteners on our 

health in daily basis. Sweetening substances are mostly metabolized by our liver and stored as 

glycogen for future use. But, this rapidly increases blood glucose level, which is of great harm for 

diabetic or pre-diabetic patients. This review critically aims at different types of natural and artificial 

sweeteners that are used in food preparations and their health impacts. Literature review suggests 

several uses and health benefits of artificial sweeteners. Keywords like ‘Sweetener’, ‘Aspartame’, 

‘Health benefits’, ‘Metabolic disorders’ and other similar types were explored. Different literatures 

ranging from 2019 to 2024 were considered to prepare this review work. Articles in languages other 

than English, before 2019 and those not in Elsevier, Springer, PubMed were excluded. Products 

obtained from nature shows less complexities with respect to artificially synthesized product. 

Artificial intense sweeteners due to high sweetness potential are required in less amount, but when 

consumption levels are higher, there is chance of developing cancer. The health effect, either 

beneficial or harmfulness is independent of the potency of the sweetening agent with respect to 

sucrose. The health effect depends on the chemical structure and the affinity of metabolites of the 

sweetener to various receptors. 

 

Keywords: Sweetening agents; Bulk sugar; Intense sugar; Aspartame; Saccharine; 

Sucralose 

 

 

1. Introduction 
Taste is an important factor which enhances it's palatability. One of the most important taste 

amongst all is sweet, which increases palatability of multiple foods and are even used to mask 

bitter taste of drug formulations. To impart sweet taste to foods like cooked foods, braverages 

or packaged foods sweetening agents are used. Sweetening agent can be defined as a 

substance of natural or synthetic origin which are used to impart sweet taste to the food to 

make it consumable [1]. Based on the origin sweetening agents can be classified broadly into 

natural and artificial sweetening agents. Natural sweeteners like sucrose, Fructose, glucose 

are obtained from nature while artificial sweetening agents are mostly synthesized in 

laboratories like aspartame and saccharine. 

Nowadays due to increase in technology and due to the demand of generation sedentary 

lifestyle has become more prominent. Reduced physical activity and increase in screen time 

have lead progression of several metabolic diseases like cardiovascular disease obesity and 

diabetes mellitus [1,2].   
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Sweetening agents especially natural sweetening agents contain high calorie than the 

synthetic ones. It has been found that Sugars or sweetening agent have led to elevated 

progression of multiple metabolic disorders. One table spoon of sucrose contains about four 

calories [3,4].  

Sweetening agent causes metabolic disorders by the following pathways. Consuming foods or 

drinks which contains Sugars increases the activity of α amylase and α-glucosidase in 

gastrointestinal tract for absorption of glucose, which are simplest form of sugars. This 

absorption of sugar in form of glucose rapidly increases blood sugar level and causes blood 

glucose spike. The sudden increase in blood glucose level reduces GLP synthesis in islets of 

Langerhans. It in turn reduces insulin production by pancreatic beta cell. Moreover, excess 

glucose in blood causes insulin resistance psreventing glucose to enter the cells from blood. 

This is the case where cells become insensitive to insulin [5,6].  

This increase in insulin resistance has multifold effect. In liver, glucose is converted to 

glycogen for storage for later use. Insulin resistance reduces glucose concentration in cell. 

This activates positive feedback system. So, glucose production by body increases by 

upregulating gluconeogenesis in liver causing increased formation of glucose from glycogen. 

This further elevates blood glucose level.  Secondly it increases Lipogenesis where glucose is 

converted to fatty acid by de novo synthesis. Hence formation of adipocyte increases. This 

increases fat deposition in visceral organs and abdominal region and leads obesity. Excess 

glucose consumption increases dopamine level which increases of craving for sweets.  Levels 

of ghrelin or hunger hormone also increases [7,8].  

Thus, consumption of sweetening agents and sugar is responsible for obesity and increase in 

progression of diabetes mellitus. To prevent and manage these metabolic disorders, the focus 

of shifting from natural sweeteners to low calorie artificial sweeteners have emerged. This 

review aims to discuss how and why natural sweeteners are replaced by artificial sweeteners, 

their potential health benefits when consumed for a prolonged period of time including both 

beneficial and hazards. 

 

2. Bulk and Intense Sweeteners 
Agents which impart sweetness to food are called sweetening agents. The sweetening agents 

are mainly classified in the following heads [9,10]: 

a) Based on chemistry: Sugar (Sucrose, glucose, maltose, lactose); Sugar Replacer/ Sugar 

alcohol (Sorbitol, mannitol, maltitol, xylitol); Low calorie sugar (aspartame, saccharine, 

sucralose, cyclamate)  

b) Based on source: Natural and artificial (Synthetic and semi-synthetic) 

c) Based on sweetness potential: Bulk and intense 

d) Based on nutrition content: Nutritive (High caloric value); Non-nutritive (Low caloric 

value) 

In food industry, when using different types of sweeteners, the concentration of sweeteners to 

be added changes. This is because, the sweetening capability of different types of sweeteners 

are different. This is measured with respect to sweetening ability of sucrose, and is 

considered as 1.  

Natural sweeteners are those compounds, which are obtained from nature, and have 

sweetness potential less than sucrose. So, generally bulk sweeteners have sweetness potential 

less than 1 and hence, are called bulk sweeteners. Because of their less sweetness, more 

amount is required to impart the sweet taste. Hence, normally more caloric value intake 

occurs. Some bulk sweeteners include sucrose (standard), fructose, galactose, glycosides like 

stevia; sugar alcohols like maltitol, mannitol, xylitol, sorbitol and erythritol. Despite of the 

high calorific value, it is found that natural sweeteners should be used crude over refined 

sugars. This is because sucrose is obtained from sugar cane stem, but refined sugar contains 
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99% sucrose, while sugar cane stem extract contains 70% sucrose, thus reduces the sucrose 

intake [11].  

When sweetening potential of a sweetener is more than 1, the amount of sweetener required 

to make similar sweetness is lesser. These are called intense sweeteners. Generally, these are 

artificial sweeteners, because more of their natural origin, they are obtained mostly from 

synthetic sources. Artificial sweeteners includes both synthetic and semi-synthetic 

compounds based on their origin. Aspartame, Sucralose, Saccharin and Acesulfame 

potassium (Ace-K) are some of synthetic sweeteners. Neohesperidine dihydrochalcone is a 

semi-synthetic sweetening agent [12]. Basically, artificial sweeteners are non-sugar 

alternative of sugars. They generally have sweetness potential of 30 – 13000 [13]. 

Artificial sugars are generally called Low calorie sugar (LCS), because of multiple reasons. 

The calorific value of an artificial sweetener with respect to sucrose is quite less. More over 

due to the intense sweetness, very less amount is required. This further reduces the calorie 

intake. The natural sugar in liver undergo metabolism to produce glucose, which is stored as 

glycogen for further use. Instead, artificial sweeteners like sucralose has found to remain 

unmetabolized and hence, has less impact on blood glucose levels. Because of lesser 

metabolism, these LCS are also called non-nutritive sugars [14,15]. 

Table 1 as shown represents the chemistry and chemical features of different natural and 

artificial sweeteners. For showing biological effect, the agents need to be metabolized. The 

metabolized and their concise health impacts both beneficial and hazardous are shown in 

Table 1. 
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Table 1: Different natural and artificial sweeteners used in food and their potential health impacts 

 

Sl. 

No. 

Sweetener Source 

(mainly 

commercial) 

[16] 

Chemical properties 

[Molecular formula, 

sweetness potential] 

[12,17,18] 

Metabolites 

in human 

body [19] 

Health effects (in low levels and 

excessive level of intake) 

ADI 

(mg/kg 

body 

weight per 

day) 

[16,19] 

Reference 

Natural Sweeteners – Bulk sweeteners 

1. Sucrose 

(table 

sugar) 

Sugarcane 

(70% - 

Saccharum 

officinarum); 

Sugar beet 

(30% -Beta 

vulgaris) 

Disaccharide (glucose 

and fructose); 

Reference for 

sweetness potential 

[C12H22O11, 1.00] 

Glucose and 

fructose 

Sudden blood sugar spikes; 

Provide instant energy to do work; 

Higher calorie intake; increases 

glycolysis; reduces insulin 

secretion; insulin resistance; 

increase formation of glycosylated 

hemoglobin; increase weight; 

increase; increase tissue lipid 

accumulation; increase leptin 

levels 

40 [9,20] 

2. Fructose Fruits (apple, 

date, fig and 

other sweet 

fruits) 

Monosaccharide; 

Sweetest natural sugar  

[C6H12O6, 1.2 – 1.8] 

Fructose-1-

phosphate 

Lower glycemic index; less blood 

glucose boost than sucrose. 

Excessive intake causes metabolic 

disorders like insulin resistance 

and high TG levels; 

hyperlipidemia 

ND [21] 

3. Stevia  Stevia 

rebaudiana 

leaves 

Stevia glycoside  

[C38H60O18, ND] 

Steviol Steviol and stevioside increase 

glycogen storage, insulin 

production by calcium influx in 

pancreatic beta cell, reduces 

insulin sensitivity and 

glycosylated hemoglobin; inhibits 

α-amylase;  

4 [22] 
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4. Maltitol Cereal starch 

(corn, wheat 

etc.) 

α-D-glucoside (α-D 

glycosyl at C4 of D-

glucitol)  

[C12H24O11, 0.97]  

Mostly 

remain 

unmetabolize

d 

Unlike other natural sugars, it 

does not react in oral cavity; 

reduce 30% calorie intake than 

sucrose; low glycemic and insulin 

response than sucrose; use 

permitted in USA 

9 [23] 

5. Sorbitol  Berries; corn 

syrup 

Monosaccharide 

[C6H14O6, 0.6] 

D-glucitol It is used as food sweetener in 

USA. Improves pancreatic 

morphology, delay gastric 

emptying, α-amylase and α-

glucosidase inhibition, negligible 

effect on obesity 

ND [24] 

6. Xylitol  Birch bark 

and corn cob 

Sugar alcohol  

[C5H12O5, 0.63] 

Xylitol-5-

phosphate 

Better alternative than sucrose; 

pancreatic cell regeneration; no 

effect on glucose absorption; 

delay absorption of glucose from 

intestine 

ND [25,26] 

7. Erythritol Fermentation 

of corn and 

yeast 

Sugar alcohol  

[C4H10O4, 0.87] 

Mostly 

remain un-

metabolized 

Similar effect of xylitol; not so 

effective in showing anti-

hyperglycemic effect; reduce 

insulin resistance; pancreatic cell 

induction to produce insulin 

500 [25,26] 

Artificial sweetener (Synthetic) – Intense sweeteners 

8. Saccharin o-

toluenesulfon

amide and 

potassium 

permanganat

e  

1,2-benzisothiazole 

derivative; 

[C7H5NO3S, 250 – 

550] 

Mostly 

remain 

unmetabolize

d 

First artificial sweetener; Banned 

by FDA in 1997 due to chances of 

bladder cancer; re-allowed due to 

less evidences; Fluid retention and 

chances of constipation, mostly no 

effect on blood glucose; 

prolonged use might cause little 

weight gain and increase 

oxidative stress 

5 [16,27] 
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9. Aspartame L-aspartic 

acid and L-

phenylalanin

e  

L-aspartyl-L 

phenylalanine 

methyl ester 

[C14H18N2O5, 120 – 

200] 

Aspartic acid, 

phenylalanine

, methanol 

Sensitive to people with 

phenylketonuria; low calorie 

content; reduce appetite; reduce 

obesity; cytotoxic in nature; in 

excess conc. Induces angiogenesis 

in cancer; Bitter aftertaste 

50 [28,29] 

10. Sucralose Selective 

chlorination 

of sucrose 

3-OH groups of 

sucrose substituted 

with 3Cl groups; 

[C12H19Cl3O8, 550 – 

750] 

Mostly 

unmetabolize

d 

Bacteriostatic and increase in 

biofilm formation; suppress 

hunger and apetite; no effect on 

HbA1C or blood sugar; improves 

gut health; reduce glycemic peaks 

5 [30,31] 

11. Acesulfam

e-

potassium  

diketene and 

sulfamic acid 

Potassium salt of 

Acesulfame 

[C4H4KNO4S, 200] 

Mostly 

unmetabolize

d 

Reduces bitter after taste of 

aspartame; increases chance of 

atherosclerosis; increase lipid 

content 

15 [32] 

12. Cyclamate Chlorination 

of 

trisaccharider

affinose 

Cyclohexylsulfamic 

acid salt; 

 [C6H12NNaO3S, 30 – 

50] 

Cyclohexyla

mine 

Narrow consumption limits; 

control blood glucose spike; 

excessive amount has risk of 

increase in DM and ceruloplasmin 

1 [33,34] 

Artificial sweeteners (Semi-synthetic) 

13. Neohesperi

dine 

dihydrocha

lcone 

(NHDC) 

Hesperetin-7-

O-glucoside 

Hespiridine with 

glycosidic linkage at 

2-position; 

[C28H36O15, 50 – 100] 

NHDC-O-

glycoside 

Anti-oxidant and anti-

inflammatory potential; blood 

glucose level control; suppress fat 

production and lipid 

accumulation; reduce cytokine 

formation 

0 – 5  [35,36] 

ND: Not Determined; DM: Diabetes mellitus, ADI: Annual Daily Intake 
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The different classes of sweetening agents discussed above are represented in Figure 1. 

Individual structure of each compounds are represented there. 

 

Figure 1: Chemical structure of different natural and artificial sweetening agents 

 

3. Artificial Sweeteners as Measure of Weight Management 
Because of the capability of imparting same sweetness similar to sucrose in very small 

quantity, they are called low calorie sugar (LCS). Consumption of artificial sweetening 

agents in limited quantity can be beneficial for controlling weight and risk of Diabetes 

Mellitus. Studies shows correlation of weight gain and consumption of LCS shows reverse 

causality, such that consuming LCS reduces risk of obesity and weight gain and not the 

reverse. The different mechanisms of weight management and diabetes control action include 

[14,15,37] .Because of less amount of intense sweeteners requirement, the calorific value 

imparted by these sweeteners is less than that of sucrose intake. Sucrose in liver gets 

metabolized to glucose and stored as glycogen unlike intense sugars like saccharin, sucralose 
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pass unmetabolized. Appetite reduction is another mechanism of reducing the risk of 

developing diabetes mellitus and weight gain. Reduced in appetite causes reduced food intake 

followed by reduced absorption of food causes control in weight [38,39]. These artificial 

sugars have higher affinity than sucrose for taste bud receptors responsible for sweet taste 

namely T1R2 and T1R3 heterodimers. Because of strong agonistic action, in very less 

concentration, a sweet taste is sensed and consumption of food becomes limited [18]. These 

sweeteners are found to influence the release of GLP-1 and PPY, also some bulk sweeteners 

like sugar alcohol are found to have activities like α-amylase and α-glucosidase inhibition. 

Thus, inhibition of carbohydrate digestion enzymes reduces their digestion followed by 

absorption [26]. Due to less absorption and no metabolism, these sweeteners does not cause 

blood glucose spike. Moreover, it is found that some might increase the sensitivity of cells to 

insulin and insulin release by influencing GLP-1 secretion. 

Acesulfame-Potassium, an artificial sweetener is not metabolized in out body. Though it has 

potassium in the structure, it has no influence on daily potassium intake [16]. The 

concentration or presence of glycosylated hemoglobin (HbA1C) after regular intake of 

sucrose were found profoundly more than after intake of artificial sweetener. Thus, artificial 

sweeteners have lesser effect of hemoglobin and its oxygen carrying capacity [37]. 

The mechanism of action of how LCS acts as an alternative of sugar for diabetic and obese 

patient is represented in Figure 2. 

 

Figure 2. Mechanism of action of Intense sweeteners in maintaining blood sugar and 

weight management  

 

4. Health Hazards of Artificial Sweeteners 
The basic aim to shift from natural sweeteners to artificial sweetener is to reduce the calorie 

intake, to prevent glycemic peaks and reduce weight gain or obesity. But recent studies and 

ongoing projects has proven that by various mechanisms the artificial sweeteners seem to 

have adverse effects resulting in chronic disorders like metabolic disorders, cancer and 

neurogenerative disorders.  

4.1.  Metabolic disorders 
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Metabolic disorders are groups of diseases characterized with increase in waist 

circumference, elevated blood glucose level, increase in blood pressure or hypertension and 

hyperlipidemia. These are also called lifestyle related or cardiometabolic disorders. Obese 

people have more inclination to development of Type II Diabetes mellitus, because of the 

chronic low-grade inflammation hampers the insulin signaling. This makes the cells more 

insulin resistance, thus elevates the blood glucose level further [40].  

Artificial sweeteners shows increase in metabolic disorders. These cardiometabolic disorders 

occur due to three main reasons:  

Aspartame, which is a widely used artificial sweetening agent in our liver, is metabolized to 

methanol and other by products. This shows to methanol under action of alcohol 

dehydrogenase forms formaldehyde, which induces free radical formation and thereby 

reduces insulin signaling and develops more insulin resistance when used for prolonged 

period of time [41].  

They have effect on gut microbiota. Artificial sweetening agents like saccharin and sucralose 

alter the gut microbiota. More than 2000 different microbes coexist in the gut, which is 

responsible for normal absorption followed by metabolism. Disturbance in this composition 

can lead to alteration in metabolic processes and development of several cardiovascular 

diseases [42]. Saccharin shows to affect the gut microbiota and increase in Bacteroides and a 

decrease in Lactobacillus bacteria. This changes fatty acid chain and glucose metabolism and 

leads to further glucose spike and insulin resistance [30]. Study demonstrated the ability of 

sucralose to adhere to gut cell and kill them. Prolonged use of sucralose reduces the 

concentration of Bifidobacterium in gut wall. This disrupt the microbiota in gut. Thereby the 

secretion of CLP-1 and 2 and PPY in pancreas reduces. This reduces cascade of event for 

insulin secretion from pancreatic cells [30,43]. Regular consumption of cyclamate shows 

increase concentration of insulin secretion, but the insulin resistance also increases, thereby 

reduced cellular penetration of blood glucose. 

Increase in the cholesterol level causes lipid accumulation the narrow artery wall of lumen, 

which narrows the artery wall even more, leading to lesser blood flow with higher pressure. It 

has been found that excessive and prolonged use of artificial sweeteners impair the structure 

of apoA-1, a major protein found in HDL lipid. This alters the senescence and causes 

increase in incidence of developing atherosclerosis. This is found prominently by action of 

artificial sweetening agents like aspartame and Acesulfame-potassium [44,45]. 

Aspartame has found to lead “lone” atrial fibrillation, which eventually provokes series of 

cardiovascular disorders including hypertension, cardiac arrest and myocardial infraction 

[46,47]. 

4.2.  Increase in incidence of cancer 

Cancer is one of the deadliest diseases which potentially have very less chances of cure and 

very less scope for treatment has been identified. Among multiple compounds, only a few 

artificial sweetening agents which have been allowed by FDA due to their carcinogenicity 

and mutagenic potentials. Different artificial sweetening agent shows tendency to develop 

cancer by different mechanism: 

Aspartame, which is generally used with Acesulfame-potassium to reduce its bitter after-

taste, shows cancerogenic potential. Aspartame in liver when metabolized forms methanol. 

Alcohol dehydrogenase enzyme in liver converts methanol (CH3OH) to formaldehyde 

(HCOOH). This formaldehyde is carcinogenic, since it disrupts the double strands of DNA 

and forms cross links. Thus, forms defective DNA. When this replicates in cell cycle, 

progression of cancer occurs [48].  

Sucralose can induce formation of reactive oxygen species and induce oxidative stress. This 

ROS can subsequently oxidize and cause cellular or tissue damage [49]. Saccharin induce 

alteration of DNA methyltransferases enzyme and hence, in-vitro studies in rats shows 
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tendency of bladder cancer. Thus, FDA banned use of saccharin in the year 1981. Further 

lack of evidences re-allowed the use of saccharin as sweetening agent. On the other hand, 

acesulfame-potassium promotes histone acetylation [49]. 

 

5. Discussion 
In the world of sedentary lifestyles, where India has become the diabetic capital of the world, 

and mostly 30% of the population is obese, the people have become conscious of their diet 

and the food they eat. The main goal of people is to cut off sugar and sugar-like substances 

from their diet. But carbohydrates and sugars, being integral part of diet should not be totally 

cut off. So, the focus to find alternatives of sugar has emerged. This led to development of 

non-sugar like sweet tasting substances called artificial sugars, which despite being sweet are 

not metabolized in or body. So controlled intake of these substances has minimum adverse 

effect in our body along with chances of management of obesity, hyperlipidemia and 

hyperglycemia [18]. These are also called low-calorie non-nutritive sweetening agents 

because of their high sweetness potential, the amount of these substances to impart sweet 

taste is less. 

Natural sugars includes sucrose, or the reference sugar, milk sugar like lactose and galactose, 

sugar alcohol like mannitol, xylitol, maltitol, erythritol etc. These substances, since are 

obtained from nature has lesser capability of carcinogenicity and mutagenicity. These 

compounds, because of low sweetness potential is required in larger amount and thus causes 

rapid glycemic spike and over usage lead to insulin resistance and obesity [9]. 

Saccharine is the most widely used artificial sweetening agents used to give sweet taste to 

juices, beverages, cakes, biscuits and other packed food. Daily usage within the Allowed 

dietary intake (ADI) level is useful for management of weight and chronic lifestyle diseases, 

but over usage can lead to disturbance of gut microbiota causing increase in insulin resistance 

and reduce insulin formation. This also have risk of developing atherosclerotic plaque and 

cardiovascular diseases. Chances of mutagenicity and cross linking in DNA and methylation 

of DNA have shown chances of bladder cancer development in rats in vitro. But later, FDA 

allowed use of this because of lack of evidences [27,30,33]. 

Aspartame and sucralose are two of the most used artificial sweetening agents. Large intake 

of aspartame can cause two chronic diseases. Methanol production as a metabolite leads to 

intercalation and cross links in DNA as well as reduced insulin sensitivity. If consumed 

within ADI, these two are safest sweetening agents [29–31,48]. Acesulfame potassium is 

used with aspartame to mask the bitter aftertaste of aspartame. This substance has showed 

chances of development of atherosclerosis development through impairment of apoA-1 

protein structure [44,45].  

Role of gut microbiota has instrumental role in maintaining the blood glucose level in human 

body. Sucralose and saccharin, on prolonged use has shown to hamper the gut microbiota and 

in turn, affect glucose metabolism. It also affects synthesis of GLP-1 and PPY, and hence 

reduces synthesis of insulin from pancreatic beta cells. 

This review highlighted that the use of natural sweetener, due to their high calorific value 

should be limited. The instrumental factor to use artificial sweetener to reduce diabetes and 

obesity without any opposite effect lies on its wise use within the advised ADI by World 

Health organization (WHO) and Food Drug Administration (FDA). Generalizing the use of 

artificial sugars to all individual should not be practiced, instead focus on individual body 

needs should be done. The balance between benefits and potential risks should be monitored 

for all individual before advising these artificial sugars, especially for vulnerable groups of 

people like children, pregnant women and people with chronic lifestyle diseases. Future 

research direction should focus in animal model study about different effects of use of 
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multiple sweeteners in synergism and interpret their understanding for future use by common 

people. 

 

6. Conclusion 
From this review work, it is evident that health effects, either beneficial or hazardous is 

independent of the sweetness potential of the substance. The main aim to use artificial 

sweetener is to reduce the immediate glucose spike of the natural sweetener. Prolonged use of 

low calorie non-nutrient artificial can show chronic metabolic disorder, if not consumed 

within the allowed dietary intake limit. This review work compiles significant results and 

data from different research paper and no original work has been done in our lab. The choice 

of sweetener to be used should in individualized based on their chronic diseases, metabolic 

rate, consumption and gut microbiota interactions and should be done under supervision of 

registered medical practitioner.  
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