
Natural Sweeteners: Health Benefits and Processing Compatibility


Abstract
Natural sweeteners derived from plants are increasingly preferred over synthetic options due to their potential health benefits. These plant-based sweeteners are typically low in calories, non-toxic, and remarkably sweet, with some being up to 10,000 times sweeter than sugar. These non-saccharide sweeteners, like Steviol glycosides in Stevia rebaudiana, mongrosides in Siraitia grosvenorri (monk fruit) or glycyrrhizin in Glycyrrhiza glabra (licorice root) serve as a beneficial sugar substitute, particularly for diabetic patients. These natural sweeteners are derived from various plant parts, including leaves, fruits, roots, and others, providing a valuable alternative to traditional sugars. This review highlights natural sweeteners that not only enhance flavor but also provide pharmacological benefits. The paper presents an overview of the common and scientific names, properties, chemical structures, and pharmaceutical applications of these sweeteners.
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Introduction

Sucrose is an inseparable part of the human diet. The sweet taste offered by sugars is one of the unique features. Sugar besides providing taste has several other advantages such as preservation, texture, flavour enhancement, thickening, browning etc. in the processing of food. The human body requires sucrose for energy production, hydration in the body when combined with water and electrolytes, mood uplifting purposes. Sucrose (common sugar), composed of fructose and glucose in equal ratio, is 76 fundamental in our diet since glucose metabolism is needed to produce adenosine 77 triphosphate (ATP), synthesis of different biomolecules and more importantly, for cellular 78 respiration function (Archer, 2018; Castro-Muñoz et al., 2022). Thus, when metabolized in the body, it provides glucose to the brain and energy to the cells. The consumption of sugar is important in the diet but in moderate quantity. The World Health Organization (WHO) recommends reducing free sugar intake to less than 5% of total daily energy intake.  
The slow and steady shift in the reduced sugar consumption paradigm in developed countries is seen due to the rising issues of non-communicable diseases such as diabetes, cardiovascular diseases, obesity and dental caries. The consumer is mindful of the reduced sugar and calorie intake. The effect of sugar replacement has remarkable variations in the taste, texture, colour, and flavour profile of food. Scientist world over are struggling to maintain a good balance between the sensory profile and reduction in calorie intake. In this regard, a number of options in the natural and synthetic categories are being studied to provide a wholesome sugar replica experience with non-caloric benefits (Gunasena et al. 2023). The consumer consciousness and preference for the naturally originated sugar replacers is more as the word “natural” coils around the safety and non-synthetic origin which is close to nature. This is one of the main reasons for the review to deep dive into the natural sweeteners and their effect on processing parameters. Natural sweeteners serve a dual function, one provides sweetness and the other is a good source of bioactive compounds that offer additional health benefits such as antioxidants/ anti-inflammatory/ immune boosting etc. 
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Fig 1: Plant parts as sources of natural sweeteners
Sweeteners from plant origin
1. Steviol Glycosides
Stevia is considered to be one of the safest natural sweeteners and can replace sucrose in various food and beverage formulations. The sweet compounds, Steviosides, are extracted from the leaves of Stevia rebaudiana, a small perennial herb native to Paraguay and South Brazil, now widely cultivated in Japan, Southeast Asia and the USA. Stevioside, the primary sweet compound in Stevia, is 200-300 times sweeter than sucrose and makes up 5-15% of the dried leaves. However, it can have a slightly bitter aftertaste (Samuel et al., 2018). This issue is addressed by blending Steviosides with other substances or converting it to rebaudioside A (major steviol glycosides found in Stevia rebaudiana) which is naturally present in smaller amounts (3-4%) in the leaves and is 1.2 to 1.6 times sweeter than Stevioside and lacks the unpleasant after taste, making it more suitable for use as a sweetener (Kalakoti, 2011). Their purification, coupled with their commercialization as high-purity sweeteners, resulted in ca. US$ 492 million in 2018 with perspectives of ca. US$ 1.16 billion by 2026, thus making it nowadays a culture with great notoriety (de Andrade et al. 2024).
1.1 Chemical structure of Steviol glycosides
Steviol glycosides are diterpene glycosides primarily found in Stevia rebaudiana. Their chemical structure consists of a steviol backbone (ent-kaurene diterpene) esterified with varying sugar moieties, such as glucose, rhamnose, or xylose. The core structure is 13-hydroxy-16-kaurenoic acid, with glycosidic linkages at the C13 and C19 positions. These glycosides, including stevioside and rebaudioside, exhibit sweetness due to their unique spatial arrangements and interactions with human taste receptors. Out of 150-300 species in the Stevia genus, only 18 have sweetening properties, with Stevia rebaudiana being the sweetest. Its leaves naturally contain eight steviol glycosides, including dulcoside A, rebaudiosides A–E, steviolbioside, and stevioside. The total glycoside content ranges from 4% to 20%, depending on the plant genotype and growing conditions. Among these, the main sweeteners are stevioside and rebaudioside A  (Tavarini, Angelini, 2013). 
The yield of steviol glycosides from Stevia rabaudiana leaves varies based on cultivar, cultivation conditions, and extraction methods, typically ranging between 4% and 20% of dry leaf weight. High-performance liquid chromatography (HPLC) analysis reveals stevioside and rebaudioside A as dominant glycosides, with their proportions influencing the overall yield and sweetness intensity (Giahi et.al, 2016). 

1.2 Health Benefits of Steviol Glycosides
Antidiabetic– Diabetes affects millions worldwide, with stevia glycosides like stevioside showing promise in reducing blood glucose and insulin resistance. Stevioside stimulates insulin secretion, enhances glucose uptake, and modulates the PI3K/Akt pathway (a key intracellular signalling pathway that regulates glucose metabolism, cell growth, and survival). Rebaudioside also enhances insulin production, acting selectively in diabetic conditions without affecting normal glucose levels.
Anti-inflammatory– Steviosides reduce inflammation by inhibiting NF-κB and proinflammatory cytokines like TNF-α.. It also enhances immune responses and tissue recovery, acting through TNFR-1 and TLR-4 modulation. Stevioside and steviol show promise for treating inflammation and muscle recovery (Soni, 2020).
Anticancer– Stevioside and steviol exhibit anticancer potential by including apoptosis, inhibiting DNA synthesis, and targeting cancer pathways. They show efficacy against colon, breast, and gastrointestinal cancers, with selective toxicity towards cancer cells, suggesting their potential in chemotherapy development (Toyoda, 1996).

1.3 Effects of Steviol glycosides on food product quality
Sweetness profile and sensory impact- Steviol glycosides with sweetness 200-400 times that of sucrose, may introduce bitter or metallic aftertastes, necessitating the use of masking agents or sweetener blends. They can alter flavour perception, particularly in beverages and dairy products (Orellana-Paucar, 2023). 
Texture and Mouthfeel- Minimal bulk contribution affects texture in baked goods, frozen desserts, and confectionary products. Additives like maltodextrins or fibres are required to restore texture. It leads to reduced viscosity, particularly in liquid formulations (Karp et.al, 2016)
Nutritional Impact- Steviol glycoside is non-caloric, enabling the development of zero-calorie food products without affecting glycemic response. This makes them beneficial for individuals managing weight or diabetes. Steviol glycosides are not metabolized by the body, which may result in a reduced impact on gut health compared to some other sugar alcohols (Stramarkou et.al, 2022).
Stability and shelf life- Steviol glycosides are highly stable under high-temperature conditions, making them suitable for baked and processed foods. They are stable across a wide range of pH, making them ideal for acidic foods like fruit-based products and carbonated beverages. (Karp et.al, 2016). 
Table 1 provides an overview of the processing effects of selected natural sweeteners, highlighting their stability under heat, pH conditions, and interactions with other food ingredients, which influence their suitability in different food formulations.


Table 1: Processing Effects of Selected Natural Sweeteners
	Natural Sweetener
	Stability in Heat Processing
	pH Sensitivity
	Interaction with Other Ingredients
	Shelf-Life Impact
	References

	
	
	
	
	
	

	Steviol Glycosides
	Stable up to 200°C; minimal degradation at typical food processing temperatures.
	Exceptionally stable across pH 2–10; minimal degradation in acidic conditions.
	Does not interact with other food components; no browning reactions.
	High stability; minimal impact on product shelf life.
	González et al., 2014; Libik-Konieczny et al., 2021.; Prakash et al., 2012

	
	
	
	
	
	

	Glycyrrhizin
	Moderate heat stability; degradation observed above 80°C over extended periods.
	Stable across a wide pH range; slight instability in highly acidic conditions (pH <4).
	Can stabilize emulsions; potential interactions with proteins and lipids.
	Natural preservative properties may enhance shelf life.
	Seki et al., 2018

	
	
	
	
	
	

	Mogrosides (Monk Fruit Extract)
	High heat stability; retains sweetness during baking and pasteurization.
	Stable across a broad pH range; suitable for various food and beverage applications.
	Synergistic sweetness when combined with other sweeteners; minimal interaction with food matrices.
	Antioxidant properties may contribute to extended shelf life.
	Seki et al., 2018; Younes et al., 2019

	
	
	
	
	
	

	Cinnamon (Cinnamaldehyde)
	Volatile compound; significant loss of flavour and efficacy at temperatures above 100°C.
	Degradation observed in acidic conditions (pH <4); optimal stability at neutral pH.
	Interacts with proteins and lipids; possesses antimicrobial properties beneficial for preservation.
	Enhances shelf life due to antifungal and antibacterial activities.
	Gharibzahedi, 2018; Gao et al., 2021

	
	
	
	
	
	

	Agave Syrup
	Stable under moderate heat; caramelization occurs at high temperatures, affecting flavour and colour.
	Stable in pH range 4–7; degradation may occur in highly acidic or alkaline conditions.
	High fructose content may lead to increased browning reactions; interacts with other sugars and acids.
	Hygroscopic nature can affect moisture content, potentially influencing shelf life.
	 Maldonado-Guevara et al., 2018; Saraiva et.al, 2022

	
	
	
	
	
	

	Thaumatin
	Heat-sensitive; denaturation occurs at temperatures above 80°C.
	Stable between pH 3–8; instability in highly acidic or alkaline environments.
	Enhances flavour profiles; potential interactions with other sweeteners and flavour compounds.
	Used in low concentrations; minimal impact on overall product shelf life.
	-Joseph et al., 2022; Kaneko & Kitabatake, 2001



2. Glycyrrhizin
Glycyrrhizin is a pentacyclic triterpenoid saponin glycoside derived from the roots and stolons of Glycyrrhiza glabra (liquorice) and related species such as G.foetida and G.inflata. Glycyrrhizin exists as potassium and calcium salts of glycyrrhizic acid and constitutes 6-14% of liquorice. It is known for its intense sweetness (50-100 times sweeter than sucrose) (Hongxun Hao, 2005), it is widely used as a natural sweetener and flavouring agent in food and pharmaceutical formulations. Ammoniated glycyrrhizin is particularly effective in masking the bitter taste of quinine (Kinghorn, 1987).
2.1 Chemical structure of Glycyrrhizin:
Glycyrrhizin is a triterpene glycoside, also known as glycyrrhizic acid. It is a tribasic saponin composed of a triterpenoid aglycone, glycyrrhizic acid joined to a disaccharide of glucuronic acid. Glycyrrhizin is extracted from the roots of the liquorice plant, Glycyrrhiza glabra L. where it occurs naturally at levels of 2-15% of the dry matter as a mixture of potassium and calcium salts (Hartung, 1979). It is often converted to the ammonium form on extraction but is also added as a liquid, paste or spray-dried powder extract(Asl & Hosseinzadeh, 2008).
2.2 Health benefits of Glycyrrhizin:
Liver protection- Liquorice is rich in glycyrrhizin, which helps protect the liver from toxins, drugs, alcohol and diseases like hepatitis (Kitagawa, 2002). Glycyrrhizin is widely used in traditional medicine and modern treatments in Japan and China to reduce liver inflammation and stabilize cells. Its metabolite, glycyrrhetinic acid (GA), has anti-inflammatory and anti-apoptotic properties, aiding liver repair and reducing fibrosis. Liquorice and its compounds show great potential as treatments for liver diseases, supporting detoxification and regeneration (Kokotou el.al, 2012)
Antimicrobial activity of Licorice-  Antimicrobial resistance has led to a growing interest in exploring plant-based alternatives for combating microbial infections. Liquorice (Glycyrrhiza glabra) is a promising candidate due to its rich composition of bioactive compounds such as saponins, flavonoids, and glycosides, which have demonstrated significant antimicrobial properties. These compounds act against a range of microorganisms by disrupting cell membranes, inhibiting bacterial adhesion, and interfering with vital enzymatic pathways. Studies suggest liquorice extracts can effectively combat both Gram-positive and Gram-negative bacteria, as well as certain fungi. Its natural origin, coupled with its antimicrobial potential, positions liquorice as a valuable alternative to synthetic antimicrobial agents (Kumar et.al, 2015)
Studies on licorice extracts show:
Leaves- Ethanolic extracts effectively inhibit Candida albicans and Gram-positive bacteria, suggesting potential as an alternative antimicrobial agent (Irani et.al, 2010)
Roots- Methanolic extracts of liquorice root demonstrate stronger activity against gram-positive bacteria and Candida species than gram-negative bacteria. The chemical composition and efficacy of these extracts are influenced by environmental factors (Gupta et al., 2008)
Prevention of dental caries - Dental caries is a widespread health issue caused by acid-producing bacteria like Streptococcus mutans, leading to tooth decay and enamel demineralization. Plaque buildup, high sugar intake and inadequate fluoride exposure are key risk factors (Valenzuela et.al, 2021)
2.3 Effects of Glycyrrhizin on food product quality:
Sweetness Profile and Flavor- Glycyrrhizin is 50-100 times sweeter than sucrose Table 2 summarizes the primary sweetening compounds of selected natural sweeteners, their chemical structures, relative sweetness, and caloric content, providing a comparative understanding of their functional properties in food formulations. However, it has a distinct liquorice-like flavor that may not suit all products. It can impart a lingering bitter or metallic aftertaste, which may require masking agents with other sweeteners (Venkata et.al, 2002). 
Thermal Stability and Shelf Life- Glycyrrhizin remains stable under moderate heat, making it suitable for processed foods. However, excessive heating slightly alters its flavour. It is stable across a wide range of pH, ideal for acidic beverages and fruit-based products. Its antimicrobial properties can enhance product shelf life by inhibiting microbial growth. (Kinghorn A. , 1987).
Table 2: Chemical Composition & Sweetness Intensity of Natural Sweeteners
	
Natural Sweetener
	Primary Sweet Compound
	Chemical Structure
	Relative Sweetness (vs. Sucrose)
	Caloric Content
	References

	Steviol Glycosides
	Stevioside, Rebaudioside A
	Diterpene glycosides (stevioside, rebaudioside A-E, dulcoside A, steviolbioside).
	200-400 times sweeter
	0 kcal/g
	Tavarini & Angelini, 2013; González et al., 2014; Prakash et al., 2012

	Glycyrrhizin
	Glycyrrhizic Acid
	Triterpene glycoside (glycyrrhizic acid) with a glycyrrhetic acid aglycone.
	50-100 times sweeter
	0 kcal/g
	Kinghorn, 1987; Asl & Hosseinzadeh, 2008; Kokotou et al., 2012

	Mogrosides
	Mogroside V
	Triterpene glycosides (mogroside V is the primary sweetener).
	150-250 times sweeter
	0 kcal/g
	Świąder et al., 2019; Guo et al., 2024; Pandey & Chauhan, 2019

	Cinnamaldehyde
	Cinnamaldehyde
	β-carbon formyl group with a styrene backbone (trans-cinnamaldehyde)
	Not a sweetener (used for flavour and antimicrobial properties)
	4 kcal/g
	Sheikh Shreaz et al., 2016; Zhu et al., 2017; Gao et al., 2021

	Agave Syrup
	Fructans, Inulin
	High fructose content (70-90%) with trace amounts of fructo-oligosaccharides (FOS).
	1.5 times sweeter
	3 kcal/g
	Saraiva et al., 2022; Ozuna & Franco-Robles, 2022; Mejía-Barajas et al., 2018

	Thaumatin
	Thaumatin I, II
	Protein with 207 amino acid residues (thaumatin I and II).
	2000-3000 times sweeter (on a molar basis)
	4 kcal/g
	Joseph et al., 2022; Kaneko & Kitabatake, 2001; Świąder et al., 2019



3. Mogrosides:
Mogrosides are natural sweet compounds found in the fruit of Siraitia grosvenorri commonly known as monk fruit. This fruit originates from Southern China, where it has been used in traditional medicine and as a sweetener for centuries. Monk fruit has been valued not only for its sweetening properties but also for its sweetening properties but also for its medicinal benefits. Mogrosides are a group of triterpene glycosides, with mogroside V being the most abundant and sweetest component, providing a sweetness level 150-250 times that of sugar but without calories. It is non-caloric with minimal impact on blood glucose. The antioxidant and anti-inflammatory benefits contribute to immune health ( Świa̧der et.al, 2019).    
                                                                                                                             
3.1 Chemical structure-
Mogroside V is a triterpene glycoside and the primary sweetener in monk fruit (Siraitia grosvenorii), about 200-300 times sweeter than sucrose(Harshita K, 2023). Its structure consists of a cucurbitane aglycone (mogrol) attached to five glucose units. Calorie-free and heat-stable, it is ideal for low-calorie foods. Beyond sweetness, it offers antioxidant, anti-inflammatory and anti-diabetic benefits (Luo et al., 2020). MogrosideV, comprising 1-2% of dried monk fruit, is prized for its clean taste and functional health properties.
3.2 Health benefits of Mogrosides:
Antidiabetic and Antihyperglycemic properties- Monk fruit extract (MFE) improves diabetes-related markers. MFE-sweetened symbiotic yoghurt enhanced liver lipid biomarkers, phospholipids and Fatty Acyl esters of Hydroxy Fatty Acids (FAHFA) profiles in type 2 diabetic rats, regulating fatty acid biosynthesis, bile secretion and metabolism. In Goto-Kakizaki rats, S.grosvenorri extract improved insulin response, pancreatic insulin levels, kidney function, and antioxidative properties in the liver and plasma (Suzuki et.al, 2020) Studies confirm that monk fruit extract and mogrosides help regulate blood glucose and show antidiabetic potential in vitro and in vivo.
Anticarcinogenic Activity of Mogroside V- Mogroside V, a sweetener from monk fruit, demonstrated anticancer effects against colorectal and throat cancer in vitro and in vivo (Pandey, Chauhan, 2020). It inhibited HT29 and HEP-2 cancer cell proliferation by inducing apoptosis through upregulation of p53 and downregulation of p-ERK1/2 and MMP-9. Its dual role as a natural sweetener and anticancer agent makes it a promising dietary supplement with no side effects.
Anti-obesity Properties- Compared to the effects of S.grosvenorri extract (SG) and aspartame (ASM) on a high-fat diet (HFD)- induced obese mice. SG-fed mice showed significantly lower body weight gain by week 10 compared to ASM and HFD-fed groups. At week 18, SG treatment resulted in lower weight gain (13.94±1.11) than ASM (18.84±3.21, P<0.05). Food intake was similar across groups, but ASM-fed mice had higher feed efficiency ratios (FER), suggesting more energy storage. These results highlight the potential of SG extract in managing obesity through reduced energy storage. (Wang et.al, 2025)

4 Cinnamon: Cinnamaldehyde
Cinnamon, derived from the inner bark of Cinnamomum species, notably C. cassia and C. verum, contains trans-cinnamaldehyde, a key antimicrobial compound. It effectively inhibits bacteria, moulds, and yeasts and is GRAS-certified for food use by the FDA. Historically valued for its fragrance and preservation properties, trans-cinnamaldehyde is now used in antimicrobial food films and as a fungicide. Despite its broad-spectrum efficacy, its low water solubility, sensitivity to light and air, and enzymatic degradation in vivo limit its applications. Additionally, its allergenic properties restrict its use in cosmetics and foods. These challenges necessitate the development of cinnamaldehyde derivatives with improved stability, reduced toxicity, and enhanced antibacterial activity for safe and effective antimicrobial use. (Sheikh Shreaz , et.al, 2016)

4.1 Chemical structure-
Cinnamaldehyde is a phenylpropanoid compound characterized by a substituted styrene structure with a β-carbon formyl group (-CHO). It is the primary bioactive component of cinnamon oil and contributes to its characteristic aroma and flavour. The presence of the α,β-unsaturated aldehyde moiety makes cinnamaldehyde chemically reactive, allowing it to undergo oxidation, reduction, and condensation reactions. Its molecular formula is C₉H₈O, and it exists in the trans (E)-configuration, which is the most stable and naturally occurring form. The conjugated double-bond system in cinnamaldehyde enhances its stability and reactivity, playing a crucial role in its antimicrobial, antioxidant, and bioactive properties.

4.2 Health benefits of Cinnamaldehyde:

Antidiabetic properties- Recent studies suggest its potential in managing diabetes by modulating glucose and lipid metabolism. This review explores its glucolipid-lowering effects, pharmacokinetics, and safety based on multiple scientific databases. Cinnamaldehyde enhances glucose uptake, insulin sensitivity, glycogen synthesis, and pancreatic islet function while mitigating diabetic complications. Its mechanisms involve PPARs (Peroxisome Proliferator-Activated Receptors), AMPK (AMP-Activated Protein Kinase), PI3k/IRS-1 (Phosphoinositide 3-Kinase / Insulin Receptor Substrate-1), RBP4-GLUT4 (Retinol Binding Protein 4 - Glucose Transporter 4), ERK/JNK/p38MAPK (Mitogen-Activated Protein Kinases), TRPA1-ghrelin, and Nrf2 (Nuclear Factor Erythroid 2–Related Factor 2) pathways, along with modulation of PTP1B (Protein Tyrosine Phosphatase 1B) and α-amylase activities. It metabolizes into cinnamyl alcohol, methyl cinnamate, and cinnamic acid in vivo. Despite its promising effects in diabetic animal models, potential toxicity raises safety concerns. While cinnamaldehyde presents a novel approach to diabetes management, further clinical trials are needed to confirm its efficacy and safety (Ruyuan Zhu, et.al, 2017).

Antimicrobial activity- TCA (trans-cinnamaldehyde) exhibits potent antimicrobial activity, inhibiting bacteria, moulds, and yeasts while suppressing microbial toxin production. Its mechanism of action involves membrane disruption, leading to energy metabolism inhibition and ATP depletion. (Gill et al., 2004) suggest that TCA alters proton motive forces, causing ion leakage without ATP loss. (Helander et al., 1998) report changes in membrane fatty acids composition, enhancing TCA incorporation and compromising cell integrity, resulting in leakage of ions, DNA, and RNA. (Amalaradjou et al., 2011) associate TCA’s antibacterial effect on Cronobacter sakazakii with metabolic disruptions, impairing oxidative stress defences and reducing virulence. Additionally, TCA induces reactive oxygen species (ROS) overload, leading to oxidative stress, mitochondrial dysfunction, and apoptosis via cytochrome c release and metacaspase activation. (Qu et al., 2019).
5. Agave Syrup
Agave syrup, derived from the sap of the agave plant, has gained popularity as a natural and vegan sweetener,    primarily Agave tequilana and Agave americana. Agave syrup is not merely a sweetener; it also provides certain nutritional benefits (Saraiva et al., 2022). Agave syrup can be used in various culinary applications such as baked goods, sauces, and beverages. Agave syrup is widely used as a replacement for sugar, honey, or corn syrup recipes (Ozuna et al., 2022). Agave Syrup has popularly gained interest in the beverage industry, particularly in the products which are marked as organic or health conscious. Agave syrup contains high fructose content around 70-90%. High concentration of fructose contributes to its exceptional sweetness, making it approximately 1.5 times sweeter than traditional table sugar (Ozuna et al., 2022).
5.1 Chemical Structure of Agave Syrup:
Agave syrup is composed of various sugars. The main component of sugar present in Agave syrup is Fructose followed by Glucose. High fructose content is responsible for the sweetness of Agave Syrup. It also contains trace amounts of fructooligosaccharides (FOS) which are important prebiotics for health (Mejia-Barajas et al, 2018).
5.2 Health Benefits of Agave Syrup:
Lower Glycemic Index -  Agave syrup's high fructose content contributes to its lower GI, which ranges between 15 to 30, making it a preferred sweetener for individuals managing blood sugar levels, such as those with diabetes (Saraiva et al., 2022).
Vitamins and Minerals - Agave syrup is a source of essential B vitamins, such as riboflavin (B2), pyridoxine (B6), and folate (B9). The presence of antioxidants in agave syrup helps combat oxidative stress, potentially lowering the risk of chronic diseases (Willems et al., 2012).
Prebiotic Effects - Agave syrup contains fructo-oligosaccharides (FOS) constituents like FOS can enhance gut microbiota diversity, which may lead to improved digestive health and better immune function (Saraiva et al., 2022).
5.3 Effects of Processing on Agave Syrup:
Chemical composition changes - Agave syrup is primarily composed of fructose (approximately 80%) and glucose, thermal treatment can change the concentrations of these sugars treatments often increasing sucrose levels while maintaining fructose and glucose concentrations largely unchanged (Márquez et al., 2015)
Nutritional Quality - Techniques such as thermal hydrolysis and vacuum evaporation are common in syrup production these methods can lead to the degradation of certain nutrients, such as vitamins, while also enhancing the syrup's sweetness and overall flavour profile. High fructose syrups may present improved sweetness while potentially sacrificing some nutritional benefits due to processing. (Carrascosa et al., 2022)
Viscosity Changes: Agave syrup's viscosity is an important attribute for its application in food products. Processing techniques, particularly heat treatment, can modify syrup viscosity, affecting its suitability for various uses. Heat can lead to the breakdown of some polysaccharides, resulting in a thinner product that may or may not meet commercial expectations for thickness and functionality in food applications. (Ozuna et al.,2022)
6. Thaumatin – 
Thaumatin belongs to the family Marantaceae. It is naturally derived from the fruit arils of a tropically grown plant called Thaumatococcus daniellii (Benth) (Kant, 2005). The intense sweetness of thaumatin was first discovered by British surgeon W.F. Daniell in 1855 while studying the fruit of Thaumatococcus daniellii. It elicits a sweetness 2000-3000 times higher than that of sucrose on a molar basis, even at a low concentration of 50 nM. It is a caloric sweetener; however, it has a negligible impact at the level of concentration used within applications. It has a relative molecular mass of 22 kDa and consists of a single chain of 207 amino acid residues (van der Wel & Loeve, 1972). Considering the health aspects related to thaumatin, it does not instigate any tooth decay and can be suitable for the diabetic, unlike artificial sweeteners (Kinghorn et al., 1998). several studies involving the safety aspects of thaumatin indicate that the sweetener does not cause any allergenicity or toxicity. It is mostly utilized as a flavour enhancer within a limit of 0.5 mg/L and 5 mg/kg respectively (Mortensen, 2006; Joseph, et al., 2019). There are at least five intensely sweet forms of thaumatin, with thaumatin I and thaumatin II being the most common, followed by thaumatin a, thaumatin b, and thaumatin c. The sweetness produced by Thaumatin lingers on the tongue for a long duration of time. (Świąder, et al.,2019). Thaumatin is considered one of the sweetest and safest sweeteners. There is no specified  Acceptable Daily Intake for it due to a lack of toxicity and ease of digestion.
6.1 Chemical structure of Thaumatin: 
Thaumatin is a sweet-tasting protein derived from Thaumatococcus daniellii, a plant native to West Africa. It has a molecular formula of C19H29N3O3S and a molecular weight of 379.5 g/mol. Thaumatin is approximately 750–1,600 times sweeter than sucrose on a weight basis and 30,000–100,000 times sweeter on a molar basis. However, its sweetness is thermolabile, meaning it decreases upon heating, which limits its use in heat-processed foods (Kaneko & Kitabatake, 2001). There are two major isoforms of thaumatin, thaumatin I and thaumatin II, both are rich in hydrophilic amino acids and possess significant structural variations. Thaumatin I comprise 207 amino acid residues while there are 206 amino acid residues linked together by a polypeptide chain in thaumatin II. The difference in a single amino acid contributes to variations in sweetness intensity, with thaumatin I being sweeter than thaumatin II(IYENGAR et al., 1979) Structurally, thaumatin proteins have a single polypeptide chain with eight intramolecular disulfide bridges, which contribute to their stability. The unique folding of the protein plays a critical role in its intense sweetness and flavour-modifying properties. Thaumatin is widely used as a flavour enhancer in food products, particularly in sugar-free and low-calorie formulations (De Vos et al., 1985)
6.2 Effect of Processing on Thaumatin
Thermal stability- It is considered that Thaumatin retains most of the sweetness even at a high temperature but prolonged heating can decrease the sweetness potency of Thaumatin. Prolonged heating can cause denaturation of protein (Pomon et al., 2023)
pH effect – The pH of the environment in which Thaumatin is processed plays an important role in the stability of the compound and also the sweetness potency. Shows optimal stability at neutral to slightly acidic pH levels. Under extreme acidic or alkaline conditions, Thaumatin can undergo conformational changes which can lead to changes in sweetening potency. The pH also affects on the solubility of Thaumatin (Younes et al., 2021)
Storage Conditions – Temperature and Humidity play an important role in the storage conditions of Thaumatin. If exposed to higher temperatures the protein can be broken down or denatured. The presence of oxygen can influence the degradation rates. Proper packaging and Storage conditions are required for the storage of Thaumatin (Joseph, et al., 2022).

6.3 Health Benefits of Thaumatin 
Low Glycemic Index- The Glycemic Index of Thaumatin is Zero/0 which will not impact the blood glucose levels. The blood glucose spike will also not occur. Thaumatin can be used in various food products and can be consumed without the fear of Diabetes.
Anti-Inflammatory Properties- H. pylori proteins induce an increased release of pro-inflammatory interleukin 17A in the test cells.
Low-Calorie Sweetener – As Thaumatin is nearly 2000 times sweeter than sucrose, a small quantity of Thaumatin is enough to provide the required sweetness. The quantity of Thaumatin used is less therefore calories provided in the food product are also less. It also helps in weight management (Chakraborty, 2016).
Safety- Thaumatin (E 957) is approved as a food additive within the European Union, and extensive evaluations have confirmed its safety for consumption. There is no significant health risk associated with Thaumatin even high dosages do not produce toxic effects. Thaumatin is a digestible protein. (EFSA Panel on Food Additives and Flavourings (FAF), (Younes et al., 2021).

Conclusion
The increasing demand for natural sweeteners as healthier alternatives to sugar and artificial sweeteners has driven significant research into their chemical composition, health benefits, and processing application. Steviol glycosides, glycyrrhizin, mogrosides, cinnamaldehyde, agave syrup, and thaumatin each offer unique sweetness profiles, metabolic effects, and functional properties, making them suitable for diverse food formulations. However, sensory challenges, thermal instability, regulatory concerns, and large-scale production limitations remain key obstacles to their widespread adoption.  Future research should focus on enhancing the stability and taste profile of these compounds through enzymatic modifications, nanoencapsulation, and biotechnological advancements. In addition, long-term human studies are required to better understand their effects on gut microbiota, metabolism, and chronic disease prevention. Interdisciplinary collaborations between food scientists, biochemists, and nutritionists will be essential to optimize formulation strategies, improve consumer acceptability, and address regulatory barriers.  With the growing shift toward clean-label and sustainable ingredients, natural sweeteners are poised to play a crucial role in sugar reduction strategies However, bridging the gap between scientific innovation, industrial feasibility, and consumer expectations will be essential for their successful commercialization in the food and beverage industry.
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