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ruits captivate our senses with their sweetness, a result of complex biochemical processes 

during ripening that convert starches into sugars and generate flavour volatiles. This 

article explores the roles of key sugars like sucrose, glucose and fructose, alongside 

hormones such as ethylene and abscisic acid (ABA), in driving these changes across 

climacteric and non-climacteric fruits. Drawing from recent research, it highlights sugar 

signalling pathways, metabolic shifts and practical implications for agriculture and consumer 

quality. 
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Introduction 
Ever bitten into a ripe mango or strawberry and wondered why it bursts with sweetness? This 

allure stems from ripening, an orchestrated biological event transforming firm, starchy fruits 

into soft, sugary delights ready for seed dispersal. Sugars like sucrose, glucose and fructose 

accumulate dramatically, while volatile compounds create distinctive flavours-think 

pineapple's tropical tang or banana's creamy richness.  

 Scientific inquiry into these dates back decades, with pioneers like Alexander et al. 

(1994) establishing ethylene's pivotal role in climacteric fruits like tomatoes, where it triggers 

autocatalytic production via ACC synthase and oxidase. More recently, Durán-Soria et al. 

(2020) elucidated sugar signalling’s integration with hormones, noting sucrose metabolism 

drives ripening by promoting pigment accumulation and stress responses. Ruan et al. (2012) 

and Tognetti et al. (2013) further showed sucrose not only fuels energy but acts as a signal, 

correlating with phase changes in oranges. This article delves into these mechanisms, 

contrasting fruit types and examines flavour chemistry for a comprehensive view. 

Fruit Ripening Basics 
Ripening divides fruits into climacteric (e.g., apples, bananas, tomatoes) and non-climacteric 

(e.g., strawberries, grapes, citrus), based on ethylene dependency. Climacteric fruits exhibit a 

respiration surge and ethylene peak, softening tissues and boosting sugars. 

 In unripe stages, fruits store energy as starch; ripening hydrolyses it into simple sugars 

via enzymes like amylase and invertase. For instance, green bananas have a 25:1 starch-sugar 

ratio, flipping to 1:20 when ripe. Ethylene initiates this by upregulating genes for cell wall 

degradation (Polygalacturonase) and chlorophyll breakdown, revealing vibrant hues.  

 Non-climacteric fruits ripen gradually without ethylene bursts, relying more on ABA 

for color and softening. Table 1 illustrates sugar shifts.  
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Table 1: Sugar Content Changes During Ripening (g/100g fresh weight)  

Fruit Unripe (Glucose/Fructose/Sucrose) Ripe (Glucose/Fructose/Sucrose) 

Tomato 0.5/0.8/1.2 1.5/2.0/3.5 

Strawberry 1.0/1.5/2.0 2.5/3.0/1.5 

Banana 0.8/1.0/2.5 7.0/5.0/2.0 

Orange 2.0/2.5/4.0 2.5/3.5/8.0 

Data adapted from metabolomic studies showing hexose dominance in ripe stages.  

Sugar Metabolism and Sweetness 

Sweetness arises primarily from fructose (sweetest), glucose and sucrose, accumulating via 

phloem import and starch breakdown. Sucrose, the transport sugar, hydrolyses in sinks by 

invertases: cell wall (CWIN), vacuolar (VIN) and cytoplasmic (CIN). LIN5 CWIN in 

tomatoes exemplifies this, boosting sink strength. 

 Tonoplast transporters like TST2 load sugars into vacuoles for storage, as in melons 

where CmTST2 overexpression raises fructose/glucose/sucrose. Sugar levels signal ripening: 

high sucrose correlates with orange color change. Exogenous sucrose accelerates strawberry 

ripening, independent of hexose conversion via non-metabolizable analogues like turanose.  

Volatile Compounds and Flavour 

Flavour integrates sweetness with aromas from volatiles: esters (fruity), aldehydes 

(green/fresh), alcohols and terpenoids. Fatty acid pathways dominate, yielding C6-C20 

compounds via lipoxygenase.  

 Ripening boosts volatiles; tomatoes' 400+ compounds include hexanal (grassy) 

transitioning to fruity esters. Sugars influence via precursors, but volatiles explain 62% 

tomato flavour variance vs. 60% blueberry sweetness from sugars/acids. Passion fruits 

balance sweet-sour via coordinated sugar/acid accumulation. 

Table 2: Key Volatiles by Fruit Type 

Fruit Dominant Volatiles Sensory Note 

Apple Esters (ethyl butanoate) Sweet, fruity 

Banana Isoamyl acetate Banana candy 

Strawberry Furaneol, mesifurane Caramel, sweet 

Citrus Limonene, linalool Citrus zest 

Methodology 
This synthesis draws from peer-reviewed literature via targeted searches on PubMed Central 

and Frontiers in Plant Science. Key papers like Durán-Soria et al. (2020) used metabolomics 

on strawberries/grapes, treating with ABA/sucrose (95μM/100mM) to assess gene expression 

(e.g., FaNCED1/2 for ABA biosynthesis). 

 Experimental designs included RNA-seq for sugar-hormone crosstalk, yeast-two-

hybrid for protein interactions (e.g., SnRK1-RIN) and GC-MS for volatiles. Sugar 

quantification via HPLC; ethylene via GC. Statistical analysis (ANOVA, correlations) 

confirmed sucrose-ABA synergy accelerating ripening 2-3x faster. Figures/tables compiled 

from these datasets for visualization. 

Hormone Crosstalk in Ripening 

Ethylene reigns in climacterics, binding ETR receptors to degrade repressors like SlERF2, 

unleashing ripening genes. Sucrose reciprocates, upregulating SlETR3/4. 

 ABA dominates non-climacterics, synergizing with sucrose: combined treatments 

enhance ASR genes (ABA/stress/ripening proteins) binding sugar boxes in HT1 promoters. 

In strawberries, ABA+sucrose boosts H2O2, inhibiting glycolysis to favour ripening. SnRK1, 

inhibited by trehalose-6-phosphate, interacts with RIN for tomato ripening. 

Practical Implications 

Understanding boosts breeding: low-sugar mutants delay ripening. Postharvest ethylene 

inhibitors (1-MCP) extend shelf-life; ABA sprays hasten color in grapes. Climate impacts 

volatiles-drought reduces esters. Consumer panels link 43% liking to sugars in tomatoes. 
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Varietal Differences 

Apples (sorbitol transporters) vs. tomatoes (sucrose): Rosaceae use sorbitol, correlating 

trehalose-6P with starch. Heirlooms often sweeter due to volatiles. 

Table 3: Climacteric vs. Non-Climacteric 

Aspect Climacteric Non-Climacteric 

Ethylene Role High, autocatalytic Low 

Key Hormone Ethylene ABA 

Sugar Signal Sucrose + Ethylene Sucrose + ABA 

Examples Banana, Tomato Grape, Strawberry 

Future Directions 
Genomics targets TST/SUT for sweeter fruits; CRISPR edits RIN-SnRK1 links. Climate-

resilient varieties need volatile stability studies. 

Conclusion 
Fruit sweetness emerges from sugar accumulation, volatile synthesis and hormone 

orchestration during ripening, with sucrose as a master signal. These insights promise 

enhanced quality and sustainability in horticulture. 
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