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HIGHLIGHTS

o Beneficial effects of natural sources of sugar over refined sugar.
e Health problems that could be caused by refined/processed sugar.
e Reduction of refined sugar and thus replacing it with better and nutritional alternatives.

ARTICLE INFO ABSTRACT
Keywords: Refined sugar is a processed product containing 99% sucrose, which is obtained from sugarcane (70%) or sugar
Refined sugar replacement beet (30%). In modern societies, sugar continues to play a significant role in the diet, recognised not only for its

Natural sweetener

flavour and special sweetening properties but also for its role in food preservation. On the other hand, a high
Health benefits

consumption of refined sugar is associated with non-communicable diseases and many health issues such as a high
risk of dental caries, overweight and neurodevelopmental disorders in children. Alternatives like unrefined sugars
have generated a lot of interest as a healthy substitute due to their nutraceutical properties. This paper is aimed to
review the beneficial effects of sugar derived from natural sources and highlight health problems that could be
caused by refined processed sugar. Refined sugar is frequently used in variety of items including processed foods,
soft drinks or ice creams although it is considered unhealthy due to its high salt and sugar content as well as added
fats and artificial coloring. Natural sugars are preferred because they have a high nutritional value and a high
concentration of healthy compounds, which offset the negative effects of refined sugar. Therefore, removing
refined sugar or at least reducing its consumption should be promoted as a healthier option in food choices.

1. Introduction bulking agents, texturizers, moisturizers, dispersants, stabilizers,
fermentation substrates, flavor carriers, and browning and decorative

Sugar has become an inseparable part of many food cultures. Be- agents (Manickvasagan et al., 2017). The term “sugars” refers to mono-
sides being an imperative element in the production of various sweets, and di-saccharides in terms of chemical categorization. Glucose, fruc-
sugar has many beneficial properties in foods such as preservatives, tose, and galactose are the three main monosaccharides — hexoses
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(six-carbon sugars) that makeup naturally occurring di-, oligo-, and
polysaccharides (Fidler Mis et al., 2017), while “Sugar” is referred to as
sucrose also known as table sugar, which is made up from fructose and
glucose units (Sachdev, 2018). Sugars that have an “exposed” carbonyl
group are referred as reducing sugars whereas those that cannot “open”
are referred as non-reducing sugars (sucrose) (Clemens et al., 2016).

Sugars are naturally present in foods like vegetables, fruits and milk
but these are also added during preparation and processing or serving
(Jomaa et al., 2021). Sugars naturally present in whole foods are an
essential component of a healthy and well-balanced diet. Added sugars
boost calorie intake, the sensory effect of meals, and overall satisfaction
but they are not essential for good health and nutrition (Fidler Mis
et al., 2017). They can substitute nutrient-dense foods and lead to poor
health outcomes by delivering calories without other necessary ele-
ments such as vitamins, minerals, or other important nutrients (Slavin,
2012). According to the WHO, naturally occurring sugars, known as
intrinsic sugars, are naturally incorporated within intact plant cell walls
(Fidler Mis et al., 2017). In recent years strong concerns have been
raised about excessive sugar intake and its effect on health. During the
last fifty years, the consumption of sugar has tripled around the world.
According to the global sugar glut, more than 500 calories per day on
average from added sugar alone are eaten in different parts of the world
(Lustig et al., 2012). This high calorie consumption is a result of using
sugary foods and drinks that have been processed and made with
caloric sweeteners, particularly table sugar, which is a form of refined
sugar (Makarem et al., 2018). However, most reported data indicate
that sugar intake is higher than the recommended level (Edwards et al.,
2016). The WHO recommends reducing the intake of added sugar to
<10% of the total energy (Organization, 2003). The U.S. Department of
Agriculture's (USDA) food guide recommends consuming added sugar
within the range of 6-10% of total energy (Manickvasagan et al., 2017).

Table sugar is widely referred to as one of the oldest sweetening
agents and the most widely used caloric sweetener, both for home and
industrial use. Sucrose is usually utilized in its refined and/or crystal
form. This white refined sugar is produced from sugar beet or sugarcane
industrially (Gerschenson et al., 2017). After extraction, purification,
evaporation and crystallization of sugarcane juice, this sugar undergoes
different refinement stages where it may lose some minerals. Then, ad-
ditives such as clarifiers and preservatives are added, which remain in the
products and decrease the nutritional quality. The purifying of white
crystal sugar yields white refined sugar, which is characterized by grains
that dissolve easily in drinks and other preparations. In order to make it
whiter, chemical additions like sulphur are utilised during processing
(Curi et al., 2017). In large-scale production and refining, chemicals
including calcium hydroxide Ca(OH),, lime (CaO), phosphoric acid,
bleaching and de-coloring agents of varying concentrations and consis-
tency are generally responsible for the impurity of white refined sugar
(Sadjadi et al., 2018). Much like the classic drugs of abuse such as
cocaine, alcohol, tobacco, and caffeine, refined, added sugars have
similar impacts in terms of habit-forming. Foods with high sugar contents
have been shown to produce drugs with psychoactive effects. The most
accepted methods of sugar addition are sucrose and high-fructose corn
syrup, which are widely used nowadays. Moreover, the extraction and
refinement process of sugar into white crystal (refined sugar) is similar to
cocaine from coca leaf (DiNicolantonio et al., 2018). The purpose of this
review is to emphasize the need of reducing or eliminate the use of
refined sugar in daily life, which is linked to a variety of health issues and
focus on the potential health benefits that obtain from naturally present
sugars.

2. Excess sugar — a source of diseases and disorders

Sugar intake is a major public health problem that has gained popu-
larity in recent years among people of all ages. Dietary sugar in excess
raises the risk of metabolic conditions including obesity and diabetes as
well as cardiovascular disorders (Alkhaldi et al., 2021). In many
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countries, different epidemiological studies and trials have associated a
high consumption of sugar-sweetened beverages (one of the main dietary
sugar sources) with weight gain, poor dental health, cancer, metabolic
syndrome, heart disease and type 2 diabetes mellitus (Kaartinen et al.,
2017). Mechanisms of some major health problems caused by consuming
refined sugar are shown in Figure 1.

2.1. Oral health diseases

The Global Burden of Disease Study 2016 reported that half of the
global population was affected by oral diseases. Any stage of life can
experience oral illness, which can start as early as 18 months of age. A
neglected area of global health is oral health, due to untreated dental
decay 2.3 billion people are affected by permanent teeth and more than
560 million children are affected by primary teeth throughout the world
(Fisher et al., 2018). The direct economic costs linked to the treatment of
oral disease were estimated to be US$298 million/year in 2010, which
accounts for 4.6% of the total expenditure on health globally (Listl et al.,
2015). Oral health inequalities and improper oral health have economic
and social effects on people and untreated oral diseases are the noticeable
indicator of health inequalities in the community (Ravaghi etal., 2013). In
the Sustainable Development Goal 3 (SDG 3), oral illness are considered
comorbidity factors, including communicable and non-communicable
diseases, sexual and reproductive well-being and maternal and infant
health (Fisher et al., 2018). Furthermore, schoolwork and the learning
process are also impaired by oral health problems. Children are likely to
miss school because of untreated dental caries that cause oral pain or
infection (Karki et al., 2019). Many recent systematic reviews were pub-
lished reporting about those children having a high dental caries rate, low
attendance and poor academic achievement in school (Rebelo et al., 2019;
Ruff et al., 2019). For example, in Nepal, a cross-sectional analysis has
shown that untreated dental caries and their effects have a significant
impact on the quality of life associated with oral health that can lead to low
school performance (Karki et al., 2019).

Globally, dental caries is a major public health problem, and it is the
utmost predominant condition listed in the Global Burden of Disease
Report 2015 placed first for permanent teeth decay. Dental caries is the
most dominant non-communicable chronic disease, and it affects all age
groups from children to older adults. Dental caries affects 80% of the
world’s population and dietary sugar is the most substantial risk factor for
dental caries (Moynihan, 2016). The caries procedure is an aftereffect of
the intake of fermentable carbohydrates and sucrose (table sugar) and
occurs in the mouth when bacteria process the sugars to produce some
acids, which may demineralize the hard tissues of the teeth. People who
have higher free sugar consumption have more dental caries (Hujoel and
Lingstrom, 2017; Organization, 2017). During 19th century, it was found
that restricting sugar prevents dental problems because most children
were suffering from dental decay during that time. Sugar is known to in-
crease the risk of gingival bleeding in addition to dental caries (Hujoel and
Lingstrom, 2017). A study showed the effects of oral health optimized diet
on gingival and periodontal inflammation. Participants of the experi-
mental group had to change their diet including low carbohydrates, high
rich in Omega-3 fatty acids, vitamin C, antioxidants and fiber for four
weeks while control group participants did not do any changes in their
dietary routine. The result showed that diet low in carbohydrate diet, high
in Omega-3 fatty acids, vitamins C and rich in fibers can substantially
reduce periodontal and gingival inflammation (Woelber et al., 2017).

A study showed that school nutrition policies, particularly those aim-
ing to restrict sugar consumption, may have positive impacts on students'
oral health, and are likely to minimize the healthcare costs linked with
dental caries. An observational cross-sectional investigation was carried
out to check the role of dietary sugar in the development of caries. Data
were obtained from a questionnaire, 24-hour dietary recall interviews,
and clinical examination of 128 subjects aged 11-12 years. Consumption
of free sugars before bed and between meals was assessed through dietary
assessment. A result of this study showed that a significant risk factor for
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Figure 1. Mechanism of major health problems caused by refined sugar.

dental caries may be consuming sweets before bedtime (Goodwin et al.,
2017). Sugar intake is considered a vital risk for dental caries develop-
ment, which is also likely to influence the etiology of rheumatic fever
(Thornley et al., 2017).

2.2. Non-communicable diseases

Each year 56 million deaths occur worldwide, and non-
communicable diseases (NCD) are responsible for 38 million (68%)
deaths and 16 million of these deaths (more than 40%) were premature
(before the age of 70). By 2030, the annual number of NCD deaths is
expected to increase to 52 million. The growing pressure on NCDs raises
difficulties for both households and the government to afford health care.
This economic pressure also influences health and health-related
behavior and reduces the quality of life (Jan et al., 2018). Sugar

consumption is linked to an increase in NCD. The effects of sugar on the
body can be similar to those of alcohol (Lustig et al., 2012). Increased
sugar intake could increase the risk of obesity, diabetes mellitus, car-
diovascular diseases, hypertension, cancer and intolerance to glucose
(Manickavasagan et al., 2013). Foods with high sugars are the reason for
empty calories with a minimal level of vital nutrients and dietary fibers.
These foods replace nutrient-dense foods and contribute to overfed, and
undernourished people at the same time (Steele et al., 2016). Many
studies showed that excessive use of added sugar increases the risk of
high cholesterol, blood pressure, hypertension, type 2 diabetes, obesity,
and heart diseases as shown in Table 1.

Epidemiologic evidence has constantly associated sugar and its
products with higher incidence of weight gain, diabetes, and metabolic
syndrome, which are considered as main factors for cancer development.
Increased sugar intake is responsible for elevated blood glucose, which

Table 1. Studies show high sugar intake and its association with non-communicable diseases.

Study

Results

References

Drinking water was replaced with an 8% sucrose solution in rats and within a
week tachycardia and hypertension developed

From different countries, an online survey was conducted that included 2496
participants and questions about the consumption of soft drinks, the presence
or absence of specific diseases, physical exercise and medication were asked.

A cross-sectional study was carried out on 6-12 years of school-going children.
Data about the consumption of sugar-containing foods and dental history were
obtained.

Systematic review and meta-analysis of randomized controlled trials were
examined that investigated effects on blood pressure and lipids from the
alteration of dietary free sugars.

In spontaneously hypertensive rats (SHR) the effects of dietary sucrose on
various myocardial and hemodynamic parameters were studied following 6
week period. Rats consume a supplement of 10% sucrose in the drinking
water.

Only a few prospective studies have examined the link between added sugar
consumption and death from cardiovascular disease.

Six studies for type 2 diabetes mellitus, three for the metabolic syndrome, and
one for coronary heart disease were included in a meta-analysis of ten
prospective cohort studies.

A meta-analysis of observational studies was conducted, and data were
obtained via articles published up to February 2013 on different websites

This animal study showed a strong link between the onset of arterial
hypertension and the intake of highly refined sugar intake

A greater presence of obesity, gastritis constipation and mental illness among
people who consume cola soft drinks more.

Results of the human study indicate a high rate of dental caries and a rise with
increased sugar consumption and this may be due to the increased availability
of refined sugary products.

A meta-analysis Dietary sugars affect the serum lipids and blood pressure the
partnership is independent of sugars' impact on body weight.

Findings by reviewing scientific literature indicated that moderate dietary
sucrose intake is consistent with cardiovascular changes that can further stress
a heart already weakened by chronic hypertension.

Many adults, In the US consume more added sugar than the one suggested for
a healthy diet and found a significant association between added sugar intake
and decreased risk of death from CVDs.

Evaluated direct relation between consumption of sugar containing soft drinks
and weight gain with cardio-metabolic disease risk.

The result showed that intake of sugar-sweetened beverages (derived from
caloric sweeteners like table sugar or sucrose, high fructose corn syrup) may
raise the risk of Coronary heart diseases, particularly in males and American
populations.

(Goran et al., 2013)

(Martin et al., 2018)

(Moynihan and Kelly,
2014)

(Te Morenga et al.,
2014)

(DiNicolantonio and

O'Keefe, 2016)

(Yang et al., 2014)

(Bray, 2013)

(Huang et al., 2014)
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leads to elevated insulin-like growth factor 1, inflammation, obesity, and
increased oxidative stress which causes cell proliferation and differenti-
ation and leads to increased cancer risk (Makarem et al., 2018).

Refined sugars are considered the major foods that cause cancer, due to
their role in the development of cancer cells Makarem et al. (2018). Sys-
tematically identified 37 prospective cohort studies reported that dietary
sugars linked with the risk of cancer from PubMed, Embase, and CINAHL.
Nearly 15 studies reported risk of cancer with total sugar, 14 for sucrose and
fructose, 5 for added sugar, and 15 for sugary foods and drinks in 2-5 studies
60-95% and in 8-15 studies 23-200%, higher risk of cancer was observed
with higher intake of sugar containing foods and drinks. These findings have
linked dietary sugars to some lifestyle-related cancers including female
cancers (breast, endometrial, and ovarian), prostate cancer, gastrointestinal
cancers (pancreatic, colorectal, hepatic, and biliary tract), and hematologic
(Iymphoma, myeloma, and leukemia) cancers.

2.3. Biliary system disorder

Observational studies in humans have shown that higher refined
sugar consumption is linked with higher gallstone prevalence. The cor-
relation between refined sugar consumption and gallstones could be
attributed to the fact that eating large amounts of sugar will contribute to
obesity (Sharma and Tandon, 2012). A study proposed that the intake of
processed carbohydrate foods (notably refined sugar) raised the capacity
of bile cholesterol and causes formation of cholesterol gallstones. To
check this hypothesis, 13 subjects (10 women and 3 men) suffering from
cholesterol gallstones, consumed refined and unrefined carbohydrate
diets for 6 weeks each. The lipid content of the duodenal bile and the
kinetics of bile acid were determined after each diet and the results
exhibited that the cholesterol concentration was higher in individuals
who were on a processed carbohydrate diet. Bile cholesterol increases
due to the consumption of carbohydrates in refined form. The risk of
gallstones might be decreased by avoiding refined carbohydrate foods
(Di Ciaula et al., 2019). Although it has not been proven that eating
refined sugar encourages the development of gallstones, it would be
advisable for people who are at risk of developing gallstones to prevent
unnecessary refined sugar consumption (Sharma and Tandon, 2012).

2.4. Neurodevelopmental disorders in children

Attention Deficit Hyperactivity Disorder (ADHD) is a neurobiological
disorder marked by persistent symptoms of hyperactivity, inattention, and
impulsivity. ADHD starts in childhood and often lasts until adulthood,
causing poor educational performance as well as lifelong accumulated
losses, such as family and interpersonal difficulties. Many studies have
shown that high consumption of processed sugar and saturated fat diets
can elevate the risk of ADHD or hyperactivity (Del-Ponte et al., 2019).
Howard et al. (2011) conducted a cohort study and concluded that ADHD
symptoms were most common in adolescents that had a high score on a
western diet that included a high amount of refined sugars and saturated
fat. Peacock et al. (2011) and Abbasi et al. (2019) also showed that high
sugar and fat diet increases the risk of ADHD.

It is perpetuated by the common belief that refined sugars induce hy-
peractivity. There are two hypotheses behind it; the first one is that after the
consumption of sugar, certain children experience “true reactive hypogly-
cemia”, and the other hypothesis is that hyperactivity occurs due to an
allergy to refined sugar. No recent inquiries have been carried out to
determine the connection between sugar and behavior in children,
although rat studies indicate that sugar dependency contributes to behav-
ioral and neural changes which affect the dopamine system in a similar way
when it is affected during stimulant sensitization (Wolraich et al., 2007).

2.5. Impairment in cognitive abilities

Refined sugars consumption is also linked with impaired cognitive
functions. Although human research is lacking to investigate the long-term
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impact of sugar consumption on cognitive functions, it is understood that
ingestion of sugar contributes to reduced insulin resistance and glucose
tolerance, which in turn could be related to cognitive impairment. A diet
high in saturated and refined sugar also associated with poorer memory
performance and similar (Francis and Stevenson, 2013). It was found that
the consumption of processed foods (processed meats, refined grains,
high-fat dairy products, candies and chocolates) in a group of stroke-free
adults (35-55 years) was correlated with the lower cognitive testing per-
formance of vocabulary and verbal fluency as compared to those with a
whole diet pattern (Akbaraly et al., 2009). Another study resulted that a
high intake of sugar and saturated fat was connected with lesser perfor-
mance on the neuropsychological memory task than that recorded a lower
intake of sugar and fat. The results showed that the cognitive effects were
perhaps due to the diet rather than weight gain or related disorders
(Francis and Stevenson, 2011). High-sucrose diets can change cognitive
behavior by reducing plasticity in the neurons. Many studies showed that
high refined sugar and saturated fat diet could contribute to impaired
performance of the Morris water maze test, which was correlated with
reduced expression of neurotrophic hippocampal brain-derived factor, a
major neural learning and memory mediator (Jurdak and Kanarek, 2009).

2.6. Complications during pregnancy

For optimal health of the mother and fetus, a nutritional diet is very
important during pregnancy. Excess sugar consumption is the number
one factor that can characterize an unhealthy diet because high con-
sumptions of sugar products typically provide unnecessary calories and
replace healthier foods containing essential macro and micronutrients.
Consumption of sugar is linked with the high risk of preeclampsia, excess
gestational weight gain and gestational diabetes mellitus in the mother.
All of these factors may contribute to an greater chance of problems
during pregnancy and perinatal mortality and morbidity (Graham et al.,
2013). Excessive consumption of sugar during pregnancy causes weight
gain not only in the mother but also in the offspring and contributes to
the obesity epidemic (Jen et al., 2017). During pregnancy, consumption
of sugar-containing beverages is positively correlated with the body mass
index of children during early childhood and particularly with higher fat
mass. Another research was conducted to investigate the effect of
sugar-sweetened cola beverages during pregnancy and results showed
that daily high consumption of sugar-sweetened cola beverages is linked
with an increase in the rate of preterm delivery (Petherick et al., 2014).

In Denmark, a prospective cohort study of 46,262 women evaluated
that excessive sugar intake was directly linked with gestational weight
gain. The authors found that a higher protein to carbohydrate ratio was
inversely associated with weight gain while consumption of excessive
sugar was strongly associated with gestational weight gain. Increasing the
protein-to-carbohydrate ratio with a focus on reducing the added sugar
can help to reduce excessive gestational weight gain (Maslova et al.,
2015). It was also seen that during pregnancy maternal sugar consumption
is linked with an increased risk of atopic asthma and atopy in offspring,
regardless of sugar consumption in early childhood (Bédard et al., 2017).

High sugar consumption during pregnancy is linked to the growth of
gestational diabetes mellitus (GDM). A study based on National Health and
Nutrition Examination Survey data investigated the impact of diet patterns
on pregnant women and the risk of GDM. The results showed that a high-
added sugar diet and low fruit and vegetable intake increased the risk for
GDM (Shin et al, 2015). In another study, the relationship between
pre-pregnancy sugar-sweetened soft drink (SSSD) consumption and risk for
GDM was investigated (Donazar-Ezcurra et al., 2018). The study showed
positive association between SSSD and GDM that persisted even after
controlling potential confounders like a family history of diabetes, body
mass index (BMI), total energy intake and fiber intake (Donazar-Ezcurra
et al., 2018). Research on women's sugar consumption behavior during
pregnancy concluded that strategies to help pregnant women to maintain a
balanced diet and reduce the consumption of sugar should be driven by
nutritional education and nutritional awareness (Graham et al., 2013).
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3. Natural sources of sugar

The public's growing interest in health and wellbeing has raised de-
mand for low-calorie goods (Manickvasagan et al., 2017). That’s why
many inventions have focused on the replacement of refined sugar (table
sugar) with sugars from natural sources that can be used in solid,
semi-solid and liquid food applications. Sugars from natural sources
(unrefined sugar) include a variety of bioactive compounds, minerals,
fibers, antioxidants, and phytochemicals that help to decrease inflam-
mation as well as enhance endothelial function. The nutritional proper-
ties and antioxidant potential of sugars are influenced by the degree of
purification. The research found that unrefined sugars might have a
positive dietary impact if they are substituted for refined sugars, due to
higher phenol and flavonoid content (Lee et al., 2018). Many studies
have highlighted the potential benefits of antioxidant activity in unre-
fined sugars. For example, research in adults suggested that weight gain
is inversely related to naturally occurring sugars (Fidler Mis et al., 2017).
Other benefits of natural sweeteners are shown in Figure 2.

Consumers are becoming more worried about their health, which is
leading to a rise in interest in eating healthier meals. In this context, there
has been a need for more natural, and healthier sugars to replace typical
white sugar (Curi et al., 2017). Therefore, sugar from natural sources is
chosen because they have proven more health benefits compared to
refined sugars. Many plant-based sources can be considered alternative
sources of sugar. In addition, all plant-based sources also provide addi-
tional nutritional value and have the potential to protect against certain
diseases instead of providing just empty calories. Some prominent nat-
ural sweeteners that can be used as substitutes for refined sugar are as
follows:

3.1. Date palm

Date fruit has many important bioactive components. In Africa and
Middle East, dry and fresh dates are used and grown since the ancient era.
All over the world, there are about 5000+ date palm varieties which
differ from each other based on nutritional composition, genetic factors,
and morphological factors. Phoenix dactylifera generally called date palm
is considered the most important socioeconomic tree among all varieties
since it can be used as raw materials for a wide range of foods. Dates are
an excellent source of carbohydrates, the major ones being glucose and
fructose (Shehzad et al., 2021).

In 2011, the production of dates in Pakistan ranked seventh amongst
all other date-producing countries. 150+ varieties of dates are cultivated
in Pakistan, which includes Begum Jangi, Dhakki, Aseel, Halavi. These
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are commonly grown in Sindh, Balochistan and some districts of Punjab.
Dominant varieties are Dhakki and Aseel (Nadeem et al., 2019). For
producing palm sugar, a huge amount of sap is filtered and transferred to
a vessel where it is heated at around 100 °C by a wood fire for a few
hours. It is taken off when it becomes thick and concentrated. After
heating, the liquid from palm sap is poured into bamboo moulds to form a
pure solid palm ready for use in sugar (Srikaeo and Thongta, 2015).
Dates are emerging as a replacement for refined sugar. There is great
possibility and potential to produce date fruit syrup for usage as a
replacement for sucrose in food products. Research has shown the strong
contribution of dates to human health as depicted in Table 2. Based on
dry weight, dates have 10-20% moisture, 60-75% total sugars, nearly
2% protein, 5-8% fiber and less than 1% fat (El-Sharnouby et al., 2014).

3.2. Grapes

Grapes are an economically significant fruit crop worldwide. World
grape production is about 22.15 million metric tons during the year
2018/2019. A large amount of the grape harvest is used for winemaking
and also eaten as fresh fruit while some grapes are used to make raisins
(Lee and Sumner, 2015). Fresh grape juice usually consists of water
(70-80%) and many dissolved solids that are composed of many organic
and inorganic compounds. For winemaking, the important groups of
compounds are sugars, organic acids, phenolic compounds, minerals and
pectic substances (Tarko et al., 2014).

A large number of soluble solids in grapes are sugars, especially
glucose and fructose. The sugar content ranges from 150 to 250 g/L of
ripe grapes. The main sugar in unripe grapes is glucose. Fructose and
glucose are in equal amount at the ripening stage (1:1 ratio) (Jones and
Goodrich, 2008), while the concentration of fructose in overripe grapes is
above that of glucose. There is some difference between the grape vari-
eties in the ratio fructose and glucose in ripe grapes. The sweetness of
fructose, glucose and sucrose varies considerably, with fructose being the
sweetest. Therefore, less fructose than sucrose is needed to achieve the
same sweetness (Shiraishi et al., 2010).

3.3. Sugar beet

The sugar beet plant contains a higher concentration of sucrose in its
roots. It is grown commercially for the manufacturing of sugar. The sugar
beet has a flat crown and conical, thin, fleshy roots. The plant is made of a
root and a leaf rosette. Sugar is produced in the leaves through a
photosynthesis cycle and then accumulates in the roots. The beetroot
contains 75% water, about 20% sugars (between 12 and 21% depending
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