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ABSTRACT 

 

Sugar and organic acids are abundant constituents of ripe fruits. They are responsible for the sweetness and 

sourness of fruit; hence they contribute towards the postharvest quality, especially the physical 

characteristics and flavors. Sugars play a key role in fruit quality, as they directly influence taste and 
determine consumer acceptance. The most abundant sugars in many fruits are sucrose, glucose, and 

fructose, while organic acids are malic and citric acids. This review aims to provide information about sugar 

metabolism after postharvest. Metabolic changes in mature or senescent fruits during postharvest storage 
cause a general degradation in qualitative characteristics, including diminishing flavors and forming off-

aroma compounds. Sucrose is created and transported from photosynthetically active leaves (sources) to 

non-photosynthetic tissues (sinks), such as developing seeds, fruits, and tubers. Secondly, to analyze the 
relationship between organic acid content and sugar content that affect the postharvest quality of fruits. The 

metabolic mechanisms employed in fruit synthesis, sugar metabolism, and malic and citric acid 

dissimilation are discussed. The activities of malic and citric acids in fruit flesh are also deliberated. In this 

review, citric acid was found to be predominated in acidic fruits, while malic acid surpassed it in acidic 
ones. Fructose substituted citric acid in acidless fruit and could be produced directly from citric acid or 

indirectly from glucose.  
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INTRODUCTION  
 

Sugar provides sweetness, the most significant criterion for the quality of fruit. Several horticultural studies 

have examined the association between sugar concentrations and fruit yields [1 - 3]. Sugars are also vital 

in the production of turgor pressure, which promotes fruit cell growth, and as signal molecules, sugars 
control the development and metabolism of fruits. Sugars are closely linked to fruit yield and quality since 

they play a significant role in fruit set, growth, ripening, and composition. Glucose and fructose were the 

most common sugars in early fruit growth. Sucrose began to accumulate in fruit six weeks before harvesting 
at a faster rate than in the winter fruit tissue [2]. Research has been conducted on various species during 

fruit development. The total soluble sugars in a fruit typically increase with growth, peaking at maturity or 

ripening. Sugar builds patterns and concentrations, but they differ between species. Glucose and fructose 
account for most soluble sugars in most fruits [3]. 

 

Organic acids are abundant in nature as they are widely found in animal, plant, and microbial 

sources. They have one or more carboxylic acid groups that can be covalently linked to form amides, esters, 
and peptides [4]. Organic acids and their derivatives in fruit flesh have crucial physiological implications, 

affect the taste and quality of the fruit and, in some circumstances, determine the suitability of the fruit to 

be processed into various fruit products. The acidity of a fruit is an essential factor in the organoleptic 
quality of the fruit. Fruit acidity is indicated by the presence of organic acids produced within the fruit, with 

significant variations in production during various stages of development [5]. Organic acids are also critical 

in fruit pH maintenance and sensorial quality changes. Fruit maturity is determined by the sugar-to-acid 
ratio and the cultivar's quality. Good-quality fruits are obtained when harvesting is carried out at the 

appropriate stage of maturity. Crops harvested over their maturity stage will have a shorter postharvest life 

and deteriorate more quickly. In contrast, fruits harvested before their optimum maturity may not ripen 

sufficiently or develop good flavors [6].  

 

SUGAR METABOLISM IN SINK CELL  
 

Carbohydrates are the most important direct organic products of photosynthesis in most green plants, as 

previously indicated. The chemical equation that describes glucose production, a simple carbohydrate, is 
as follows. 

 

     Equation 1 
 

Plants transform light energy into chemical energy during photosynthesis. Glucose is stored in plants 

as starch, which can be broken down again into glucose via cellular respiration to supply ATP. ATP is 

referred to as adenosine triphosphate, where the source of energy for cellular use and storage. Glucose 
molecules can be mixed with and transformed into different forms of sugars as part of plant chemical 
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processes [7]. In tree crops, growth and development are linked processes in which the metabolic needs of 
non-photosynthetic "sink" tissues are balanced by the primary absorption of photosynthetically active 

"source" tissues. Typically, glucose units are connected to make starch or coupled with another sugar, 

fructose, to form sucrose [8]. 

 
Sugars are essential in fruit quality because they impact taste and customer acceptance. Research, 

which includes metabolomics-driven techniques, has documented sugar content performance during fruit 

growth and ripening. Sucrose and fructose, essential for plant development signaling control, are created 
when sucrose is broken down [9]. Sucrose is the most common fixed carbon carbohydrate (C) for long-

distance transport through the phloem from leaves to non-photosynthetic sink organs such as ripening fruits 

[10]. 

 

Photosynthesis in Sink Cells   

 

Photosynthesis is a process by which plants and several other organisms create carbohydrates. Figure 1 

shows the entire process of photosynthesis, which influences the metabolic process of sugar in fruits [11]. 

Photosynthesis in leaves generates photoassimilate, but they rely on sugars translocated on the leaves. The 
sink strength is the force that attracts translocation sugars in fruit. If the sink strength of the fruit is weak, 

the fruit cannot grow adequately, growth is slow, or the fruit shrinks due to sugar starvation. Sucrose is 

typically produced in leaves by sucrose phosphate synthase (SPS). SPS significantly contributes to the 

division of carbons between sucrose and starch in photosynthetic and non-photosynthetic tissues, which 
impacts the development and growth of the plant. SPS oversees converting starch into sucrose and other 

soluble sugars in ripening fruits. 

 
During metabolic conversion, sugars released into fruits through the cytoplasmic or apoplastic 

pathway are transformed into various compounds. High sugar accumulation in the vacuoles results in a high 

osmotic pressure, which drives cellular growth. Sugars that have been translocated in fruit tissues are carried 
out by phloem tissues. If enough photoassimilate is available, some regulation steps for modulating fruit 

sink strength, which include unloading, membrane transfer, metabolic conversion, and compartmentation, 

are required. During this metabolic conversion, the invertase and sucrose synthase initially metabolize 

sucrose, then sorbitol dehydrogenase metabolizes sorbitol, and finally, sucrose phosphate synthase 
synthesizes sucrose. Among these four primary processes, the role of enzymes in metabolic conversion 

appears to be the most significant in creating fruit sink strength since this step is closely related to sugar 

unloading and compartmentation [11].  
 

Yamaki et al. stated that in the sugar metabolism of seeded and seedless fruits, the sucrose content 

in seeded fruits was higher than in seedless fruits due to the increased activity of SPS in seeded fruits [11]. 

This sucrose build-up was caused by increased sucrose synthase (SuSy) activity during fruit development, 
while the SPS activity did not increase [11]. A large amount of sugar accumulates in vacuoles, resulting in 

high turgor pressure. Much sugar accumulates in vacuoles, resulting in high osmotic pressure, and it needs 

sugar transporters to transport sugar into vacuoles. 
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Figure 1: Photosynthesis that relates to sugar storage [11] 

 

 

Sugar Transporter   

 

Early fruit development stages are critical for determining quality crop yields [12]. Sugar transport is tightly 

controlled, with several transporters involved in sucrose export from photosynthetic cells and phloem 
loading and unloading. Once in the fruits, a portion of the sucrose-derived hexose pool is transported to the 

vacuole to maintain the sink strength. Only a small proportion of the sugars generated in plants, which 

usually are highly soluble and chemically inert, are transported across long distances through the phloem. 

Sucrose, less reactive than reducing sugars such as glucose and fructose, is the predominant type of carbon 
in the phloem; however, some other sugars, such as sorbitol, are translocated in the phloem [8].  

 

There are different types of sugar transporters in plants, including sucrose uptake transporters 
(SUTs symporters), hexose transporters (hexose/H+ symporters), and SWEETs (sucrose facilitator), which 

is also known as Sugars Will Eventually be Exported Transporters. Sugar transporters and cell wall 

invertase (CWIN) are essential in carbon allocation and plant development. Carbon sinks such as ovaries 

and young fruits depend on sugar transporters from the source leaves. Sucrose can also be unloaded into 
sink cells via cytoplasmic or apoplastic or both simultaneously in these sink cells. When sucrose efflux 

from the phloem and hexose uptake by parenchyma cells are in high demand, some specific sugars will 

eventually be exported transporters (SWEETs), and hexose transporters (HTs) respond to increase CWIN 
activity, which is more to promote rapid fruit expansion [12].  
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Sucrose Cycle 

 

Sucrose is the primary sugar carried in the phloem of most plants and is the product of photosynthesis. 

Sucrose synthase (SuSy) is a glycosyl transferase enzyme found primarily in sink tissues and is involved in 

sugar metabolism. SuSy catalyzes the reversible conversion of sucrose to fructose and uridine diphosphate 
glucose (UDP-G) or adenosine diphosphate glucose (ADP-G) [13]. Once it enters the tissues of sink cells, 

sucrose can enter the sink by various mechanisms [14]. Sucrose transporters can carry sucrose from the 

phloem to the apoplast. Sucrose transporters can then transport it into sink cells, or it can be hydrolyzed by 
cell-wall invertase (ceINV) to produce glucose (Glc) and fructose (Fru), which hexose transporters can then 

transport them into sink cells [13]. 

 

 
 

Figure 2: Sugar metabolism in tissue sinking to cellulose, callose, and starch synthesis [13] 

 
 

Figure 2 shows that cell wall invertase (cwINV) can dig into sucrose in the apoplast to produce 

glucose and fructose, which a monosaccharide transporter can then transport into the cell. Sucrose can also 

move through plasmodesmata from the phloem to sink cells. Sucrose can be hydrolyzed in the cytosol by 
cytosolic INV to produce glucose and fructose, or it can be cleaved in the cytoplasm by cytoplasmic SuSy 

to produce fructose and UDP-G. The phosphorylation of hexoses forms hexose phosphates (hex-P) and can 

be used for starch formation in the plastid, glycolysis, mitochondrial respiration, or other metabolic 
pathways. SuSy can create UDP-G when connected to the plasma membrane, which is required to 

synthesize cellulose for the cell walls and callose for plugging of plasmodesmata (pmSuSy) [13]. 
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Figure 3: Sucrose signaling in strawberry fruit [15] 

 

The sucrose signaling role in the development and ripening of strawberry fruit is depicted in Figure 
3. In the early phases of fruit development, sucrose content is lower than glucose content. As the fruit 

matures, the sugar level rises substantially. The substantial increase in the sucrose-to-glucose ratio could 

be due to the conversion of cell division to cell growth. When the sucrose concentration reaches a certain 
level, it stimulates the formation of abscisic acid (ABA) and the following ABA signaling cascade in 

conjunction with the independent sucrose signaling route, which triggers fruit ripening. Fruit ripening is 

slowed by sucrose but not fructose, implying that sucrose-accelerated ripening is not due to sucrose 

metabolism [15]. From the early stages of development, strawberry has low sucrose concentration because 
all the enzymes in the fruit are focused on promoting cell division. It has a high sucrose concentration in 

the following stages to promote cell expansion and accumulate sugar. At the final stages of ripening, the 

fruit has reached maturity and has a high sugar content, and will produce the best fruit quality. 

 

CONCENTRATION OF SOLUBLE SUGAR  
 

Different fruits will have different stages of development until they reach maturity. At the early stage of 

fruit development, the total soluble sugar content of a fruit that consists of sucrose, fructose, and glucose is 

low compared to that of a fruit that has achieved maturity. This part of the review focused on four examples 
of fruits and their soluble sugar concentrations during fruit development. 
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Watermelon   

 

Watermelon (Citrullus vulgaris) is a species of Cucurbitaceae that provides a dense source of vitamins and 
minerals [16]. The soluble sugar content is a significant determinant of the quality of watermelon. The 

firmness of watermelon is the main quality that contributes to commercial fruit values along with storage, 

transportability, and shelf life. Through research, watermelon contained various sugars like fructose, 
glucose, and sucrose. They were detected by mapping via quantitative trait loci (QTL) experiment. For the 

organic acids, malic and citric acids were found to be the main content in ripe watermelon. 

 

 
  
Figure 4: Different stages of watermelon cultivar 97103 Immature white - 10 DAP (A), white-pink flesh - 18 DAP 

(B), red flesh - 26 DAP (C), and over-ripe - 34 DAP (D). (DAP stands for days after pollination) [17]. 

 

Figure 4 describes the four different stages of ripening of watermelon cultivar 97103. Stage A 

shows the condition of the fruit ten days after pollination. It is still in its immature white stage, and at this 
stage, it contains a low quantity of soluble sugar content (SSC). The fruit continues to expand without much 

increase in SSC at the white-pink flesh stage, as shown in stage B, but the fruit flesh begins to turn pink 

and loses its firmness as in stage C. Stage D shows that the fruit is fully mature when it reaches the red flesh 

stage, and its flesh turns light red, crispier, and sweeter. A rapid increase in soluble sugar content (SSC) is 
also linked to changes in texture and taste. The fruit has become overripe, and the flesh has turned bright 

red due to the accumulation of volatile compounds that give watermelon its distinct aroma and flavor [17]. 

Comparing all stages, the fruit at stage C will have the highest customer demand because of its quality. The 
soluble sugar content (SSC) in the fruit will influence the taste and quality of the watermelon. 
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Pineapple   

 

The pineapple (Ananas comosus) core extract has the highest concentrations of fructose, glucose, and 
sucrose than the other part of the fruit. According to Figure 5, in index 3, the amount of sugar in the 

pineapple core extract was higher than in indices 1 and 2. In the pineapple core extract for index 2, glucose 

and fructose levels were higher than in indices 1 and 3. The primary sugar in the pineapple core and peel 
extracts is sucrose [18]. 

 

 
 

 Figure 5: Different maturity stages of Mauritius pineapple (Queen type) [19] 

 

 
 

Figure 6: Brix value (TSS) and total soluble solid/titratable acidity (TSS/TA) in different ripening stages of 

Mauritius pineapple (Queen type) [19] 
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According to Figure 6, there are differences among the pineapple fruits in terms of color, firmness, 
total soluble sugar content, and titratable acidity. The pineapple's total soluble solid (TSS) content in the 

dark green stage differed significantly from those in the 75% and 100% yellow color stages. In comparison, 

the pineapple in the 50% yellow color stage differed significantly from that of the 100% yellow color stage. 

TSS increased steadily as the fruit ripened, reaching a peak of 12.69% in the 100% yellow stage compared 
to the dark green stage. During ripening, ADP-glucose pyrophosphorylase, amylases, and sucrose 

phosphate synthase convert starch to sugars such as glucose, sucrose, and fructose, increasing the TSS value 

of pineapples [19]. It is shown that the pineapple in the 100% yellow color stage will produce the best 
quality fruits in terms of their taste. 

 

Tomato 

 

Tomatoes (Solanum lycopersicum) are an important horticultural crop, with the biggest global production 

volume (t) and economic value e (Ministry of Agriculture, Forestry, a Fisheries) of all fruits and vegetables 
[1]. Tomatoes are medium-sized fruit with a delicate sweetness and a slightly harsh and acidic flavor. Brix9-

2-5, a cell wall invertase (LIN5) functional amino acid polymorphism, is found to influence tomato fruit 

sugar levels. This has an enormous impact on the strength of the fruit sink because it changes the kinetics, 
which affects the sugar content. Tomatoes have a moderate sweetness complemented by a somewhat bitter 

and acidic flavor. Fruit sugar content and yield are thought to compete. While the sugar content of tomato 

fruit increases as the sucrose-to-hexose ratio increases, the size of the fruit decreases as the expression of 

the vacuolar invertase gene decreases [1].  
 

 
 

Figure 7: Different stages of tomato growth and ripening [20] 
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The research discovered that tomatoes' soluble sugar started accumulating within 15-20 days of 
maturing. Figure 7 implies that the sugar content is very low from the early growth of the fruit. The green-

colored fruit has a lower taste and quality than the red-colored, which has a higher sugar content. Tomatoes 

that reach high maturity will have a higher sugar content and produce the best quality fruit in terms of taste 

[20].  

 

ACTIVITIES OF KEY ENZYMES IN SUGAR METABOLISM 

 

Sucrose synthases, glucosyl transferase enzymes, play a crucial role in sugar metabolizing by breaking 
down sucrose into fructose and glucose in the sink cells. This helps to keep the sink strong. Sucrose 

synthases have a role in synthesizing carbohydrate polymers such as starch and cellulose and in generating 

energy for manufacturing several compounds that aid fruit growth and seed dissemination [21]. Based on 

their subcellular location, invertases are classified as cytoplasmic invertases (CIN), vacuolar invertases 
(VIN), and cell wall invertases (CWIN) [22]. VIN and CWIN have been related to biotic and abiotic 

reactions, linking sucrose and hexose signaling to stress adaptation. Invertases regulate plant growth and 

development, and VIN and CWIN have been associated with biotic and abiotic responses, linking sucrose 
and hexose signaling to stress adaptation. During the ovary-to-fruit transition, CWIN activity increases, 

possibly to aid phloem unloading and transmit a glucose signal that promotes cell proliferation [23]. 

 

Although there is less investigation in this field than in sugar-metabolizing enzymes, genetic 
alteration of sugar sensors and signaling and sugar-metabolizing enzymes could effectively increase sugar 

accumulation and modify sugar composition [1]. A group of such systems, namely hexokinase (HXK), 

boosts signaling directly. In contrast, another group, such as sucrose-non-fermentation-related protein 
kinase 1 (SnRK1), modifies signaling proteins indirectly via sugar-derived bioenergetic molecules and 

metabolites. HXK, a well-known sugar sensor, mediates photosynthesis-related gene expression 

suppression. In hexose phosphorylation and glucose sensing, it fulfills two separate functions. HXK 
regulates transcription by building a complex with vacuole H+-ATPase B1 (VHA-B1) and the 19S 

regulatory particle of the proteasome subunit and binding to the promoter region of genes in the nucleus 

(RPT5B). The sensor and signaling systems of the two metabolic sugars, sucrose, and fructose, on the other 

hand, are virtually intact [24].  
 

Because fructose is sweeter than sucrose and glucose, metabolic engineering has raised fructose 

concentration at two locations along the sugar metabolic pathway. When sucrose is unloaded into fruit cells, 
and fructose and hexose are produced, the fructokinase (FRK) enzyme is required for fructose metabolism. 

Plants have numerous FRK genes, which have different roles in phosphorylating fructose to fructose-6-

phosphate, used in starch production. In order to increase the fructose content in fruits, such as tomatoes,  
the FRK gene expression has been suppressed. The alteration of the sugar to produce a higher ratio of 

"sweeter" fructose to glucose without increasing the total sugar content appears to be a potential technique 

for generating sweet fruits, as this may be easier than increasing the total sugar content [1]. 
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ORGANIC ACID  

 

All fruits have many organic acids in their fleshy parts, but most are in small amounts, as summarized in 

Table 1. Fruits contain a variety of organic acids, but most fruits are primarily composed of one or two 

primary organic acids, which are malic acid and citric acid. The remaining types of organic acids, such as 
quinic acid, isocitric acid, galacturonic acid, and oxalic acid, are the minor ones in most fruits. Different 

types of fruits contain different levels of organic acids [25]. The various organic acids found in fruits are 

involved in a variety of metabolic processes, including acting as intermediates in various metabolic 
pathways, precursors for amino acid synthesis, and many plant hormones such as auxins, gibberellins, fatty 

acids, a wide variety of secondary metabolites, and specific components of the cell wall [26]. J.B Gurtler 

and T.L Mai [27] reported the different types of organic acids detected in various fruits in their research 

article titled Traditional Preservatives – Organic Acids (Table 1). Fruit acid levels vary greatly depending 
on how ripe the fruits are. Fruits that are not fully ripe have a higher acid content but less sugar [27]. There 

are three metabolomic groups of organic acids. The first group consists of malic, citric, and isocitric acids. 

The second is ascorbic and tartaric acids, while the third is quinic acid. 

 

Table 1: The range of primary organic acids in fruits at the normal ripeness stage [27] 

 

Fruit pH range Major acids Other acids 

Apple 2.9-4.5 Citric, malic Quinic, tartaric, caffeic ferulic, benzoic 

Blueberries 2.8-3.2 Quinic, citric Malic, ellagic, chlorogenic, salycilic 

Cherry 3.7-4.4 Ascorbic, citric Malic, tartaric, quinic, shikimik 

Grape  2.9-3.9 Malic, tartaric Quinic, ellagic, citric 

Guava  3.2-4.2 Citric, malic Ellagic, salycilic 

Kiwifruit 3.1-4.0 Quinic, citric Malic, oxalid, ascorbic 

Lemon  2.0-2.6 Citric, quinic Malic, tartaric, oxalid, succinic, ascorbic 

Lime  1.6-3.2 Citric, malic Benzoic, salycilic, lactic 

Mango  4.3-6.0 Citric, tartaric Anacardic, gallic, dehydroascorbic, ascorbic, malic 

Orange  2.6-4.3 Citric, quinic Malic, tartaric, oxalic, succinic, ascorbic, ferulic, 

dehydroascorbic 

Papaya  5.2-5.7 Citric, malic Dehydroascorbic, ascorbic, oxalic, tartaric, quinic, succinic, 

fumaric 

Pear  3.0-4.5 Malic, citric Caffeic, quinic, tartaric, fumaric, shikimik, lactic, succinic, 

oxalic, acetic 

Pineapple  3.1-4.0 Citric, malic Quinic, tartaric, chlorogenic, ferulic, oxalic 

Strawberry  3.0-3.5 Citric, ascorbic Malic, tartaric, hydroxybenzoic, ellagic, gallic, chlorogenic 

Tomato  4.1-4.7 Citric, ascorbic Oxalic, salycilic, ascorbic, malic, glutamic, aspartic 
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Citric Acid 

 

Citric acid is the primary organic acid in fruits and is most abundant in citrus fruit. It rises during fruit 
growth and drops during ripening and postharvest [28]. The reduction of citric acid is primarily due to its 

usage as a respiratory substrate or in amino acid synthesis. Various enzymes, including aconitase (ACO), 

phosphoenolpyruvate carboxykinase (PEPCK), and isocitrate dehydrogenase (IDH), catalyze citric acid 
breakdown [29]. The production and breakdown activity of citric acid determines the organic acid levels in 

most citrus fruits. The primary enzyme producing citric acid in fruits is citrate synthase (CS), expressed 

similarly in regular and granulated juice sacs. The tricarboxylic acid (TCA) cycle, which allows citric acid 
to be used as a respiration substrate, is one of the most important mechanisms for citric acid degradation 

[30]. Aconitase (ACO) catalyzes the conversion of citrate to isocitrate in the citric acid breakdown pathway. 

 

Malic Acid  

 

Malic acid is a C4 dicarboxylic acid that could be a key platform chemical in the post-fossil fuel era. Malic 
acid is a naturally occurring intermediate in the tricarboxylic acid cycle (TCA) that various microorganisms 

and plants can accumulate. The taste of malic acid is said to develop more slowly than that of citric acid 

and last longer, making it ideal for masking the aftertaste of artificial sweeteners [31]. The chiral product 

is produced synthetically, but there appears to be no difference in taste quality or sour intensity. In Japan, 
chiral malic acid has been approved as a food additive. It has a slightly stimulating and continuous sour 

taste that is almost as sour as citric acid [32]. 

 

Other Types of Organic Acids 

 

Tartaric acid has a relatively strong, more sharp flavor than citric acid. Although it is mainly found in 

grapes, it can also be found in apples, cherries, papaya, peach, pear, pineapple, strawberries, mangos, and 

citrus fruits [27]. Isocitric acid, a product of the tricarboxylic acid cycle, is the primary acid found in 

blackberries but can also be found in other fruits in lower concentrations. Isocitric acid is a minor organic 
acid found in most fruit juices, particularly blackberries, youngberries, and vegetables, especially carrots. 

The determination of d-isocitric acid has become necessary in the analysis of fruit juices for the detection 

of illegal additives (adulteration).  
 

D-Galacturonic acid is the main ingredient of pectin, a compound found naturally. When sugar is 

extracted from sugar beets, or juice is extracted from citrus fruits, pectin-rich residues accumulate. Another 
type of organic acid in fruits is quinic acid. The accumulation of quinic acid occurred primarily in the early 

stages of fruit development around 60 days after anthesis (DAA). For example, in kiwifruit, separate quinate 

dehydrogenase (QDH) and shikimate dehydrogenase (SDH) activities were discovered, most likely 

representing different proteins. In plants, oxalic acid serves various functions that depend on the plant 
species and tissue or cell type. The skin of kiwifruit contains more calcium oxalate crystals than the flesh, 

which could serve as a deterrent to animal attack. Oxalate oxidase breaks down oxalate, producing carbon 

dioxide (CO2) and peroxide, and this peroxide may play a role in the oxidation of phenols in the 
extracellular matrix. Oxalic acid is found in a wide range of fruits and is probably present in them, but it is 

not abundant in most. Research has found that oxalic acid content is often determined by the genotype or 

cultivar of a particular fruit [26]. 
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Ascorbic acid, or the other name for vitamin C, is a water-soluble vitamin found in various 

biological systems and foods such as fresh vegetables and fruits, namely citrus. Ascorbic acid is involved 

in wound healing, osteogenesis, collagen biosynthesis, iron absorption, and immune response activation 

[33]. Fruits are the primary sources of ascorbic acid. 

 

Citric Acid Cycle 

 

Most organic acids found in fruit flesh are not imported but rather synthesized in the flesh from imported 

sugars. There are several outcomes if these acids are metabolized during ripening. The main ones are the 

citric acid cycle (respiration), gluconeogenesis, fermentation to ethanol, synthesis or interconversion of 
amino acids, and as a substrate for synthesizing secondary metabolites such as pigments [34]. In this part 

of the review, a citric acid cycle, the primary process of producing organic acids in fruits, is focused. Malic 

and citric acid are the most common citric cycle acids in fruits. Most citric cycle acids found in fruits are 
believed to be synthesized from imported sugars within the fruit [26]. 

 

Table 2:  Organic acid concentration that accumulates during the citric acid cycle in fruits [34] 

 

Types of fruit Organic acid concentration 

(malate/citrate) 

Duration 

Grape Increase Beginning of ripening 

Decrease Ripening 

Cherry Increase Beginning of ripening 

Decrease Ripening 

Mango Decrease Ripening 

Increase Commercial harvest 

Strawberry Decrease Ripening 

Increase Commercial harvest 

Plum Decrease Ripening 

Banana Increase Ripening 

Lemon Increase Ripening 

 

Based on the review by Franco Famiani et al. [34], the anions of citric, isocitric, and malic acids, 

which are namely citrate, isocitrate, and malate, are citric acid cycle intermediates, and one or more of 

them, usually citric or malic acids, accounts for a large proportion of the organic acid content of the flesh 
of all fruits studied. However, large amounts of acids of the citric acid cycle accumulate in the vacuole of 

many fruits, and these acids serve other purposes. For example, they are likely to contribute to the fruit's 

quality until the seeds have developed in many fruits. The fruit begins to ripen as the seed matures, and its 
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citric cycle acids concentration (mg-1 FW) decreases. These acids can be used as metabolic substrates if net 
dissimilation occurs during ripening. The stage of development of the fruit and the specific part of the fruit 

also determines this abundance. Fruits protect and aid in the dispersion of seeds, so the accumulation of 

some organic acids in fruits could be related to these functions. 

 

QUALITY, SUGAR, AND ORGANIC ACID 

 

Color, appearance, texture, and flavor are the three essential aspects that determine fruit quality. Although 
suppliers are frequently reimbursed based on the physical features of their fruit, such as color, size, lack of 

flaws, and texture, it is critical to assess the fruit's flavor, as it is the primary driver of consumers' repeat 

purchases. Each fruit has its sugar profile, some sweet and others sour. This is determined by the substances 

found in each fruit. The amount of sugar, fructose, acid, vitamins, proteins, cellulose, and starch in each 
fruit species varies, giving it a distinct sweet or sour flavor. Most people evaluate fruit quality primarily on 

its flavor. Fruits are available in various flavors, including sweet, sour, and other variations [35]. 

 
The type of sugar in a fruit determines its sweetness. The sweetness of the fruit increases as the 

sugar level increases. Furthermore, the sweetness of the fruit is affected by different types of sugar, with 

sucrose, fructose, and glucose being the most prevalent sugars found in fruits. Each of these sugars is sweet 

to a different degree. Fructose is 1.7 times sweeter than glucose and sorbitol, although they are only 0.8 and 
0.6 times, respectively, sweeter than sucrose. If one type of apple contains more fructose and another 

contains more glucose, the former will be sweeter [35]. 

 
Organic acid levels are frequently inversely related to sugar levels during fruit development. As a 

result, sugar levels rise during maturity and ripening because of either sugar import or starch decomposition, 

while organic acids stored in early fruits degrade quickly [36]. Many fruits, including peach, lemon, 
pineapple, apple, and strawberry, have shown changes that genetically regulate variations among organic 

acids during development. Citrus is one of the most popular fruits in the world. It has a delicious flavor and 

is high in vitamins. Granulation, also known as section drying or crystallization, is a significant 

physiological condition that affects a wide range of citrus species during late harvest and storage. Sugars 
and organic acids regulate the sweetness and acidity of citrus fruits. Sugar levels rise throughout fruit 

development and ripening, then decrease or drop during the postharvest period [30]. The balance of sugar 

breakdown and biosynthesis, carried out by numerous essential enzymes such as sucrose synthase (SUS), 
sucrose phosphate synthase (SPS), and invertase, determines the sugar content in the postharvest fruit. 

 

CONCLUSION 

 

In this review, plants convert carbon dioxide and water into sugar via light energy in photosynthesis. This 
process creates a variety of energy-rich compounds that are the building blocks of all life on Earth. A recent 

study by some researchers discovered that unidentified signaling pathways might be involved in sugar 

metabolism. The researchers used the model plant Arabidopsis to study mutants that lack the Squamosa 

promoter binding protein-like 7 (SPL7) protein. These mutants' poor sugar metabolism caused sugars to 
build up in their tissues. According to the study, SPL7 does more than activate the copper deficiency 

response, and it also regulates plant energy metabolism. This newly discovered regulatory link illustrates 
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the importance of protein activities in energy metabolism, such as respiration and land plants' 
photosynthesis, and it is copper independent. The best-studied plant sugar signaling pathways were 

discovered to function generally in the SPL7 mutants, suggesting the involvement of an additional, as-yet-

unidentified pathway [39]. 
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