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Abstract
Sugarcane syrup derived from evaporating sugarcane juice serves as both a self-consumed product and a dietary supplement. 
It retains nutrients in sugarcane juice, especially minerals and nutritional compounds resistant to cooking processes. This study 
evaluated the mineral content of Brazilian sugarcane syrup by using inductively coupled plasma optical emission spectrometry. 
The syrup was found to have high concentrations of potassium, magnesium, calcium, and phosphorus (340, 57, 49, and 48 
mg 100 g-1, respectively). Although the qualitative mineral composition of the evaluated products was relevant and consistent, 
there was considerable quantitative variation; therefore, standardization based on a narrow range of acceptable values is not 
recommended. It would take 243–1,157 g of syrup to replace 200 g of whole cow’s milk. Nonetheless, sugarcane syrup contains 
essential minerals with proven health benefits. Potassium had the highest average concentration (up to 781.53 mg 100 g-1), 
followed by magnesium (10.82–94.69 mg 100 g-1), with iron ranking fifth (8.82 mg 100 g-1). Despite the quantitative variation, 
the qualitative mineral composition remained relevant. Therefore, a narrow standardization based on a limited range of values 
is not recommended. Nonetheless, sugarcane syrups with lower mineral levels can be considered nutritionally adequate.

Keywords: food composition; food safety; nutrient composition; Saccharum officinarum.

Practical Application: Sugarcane syrup is an energy-rich and nutritious food that preserves nutrients and minerals in 
sugarcane juice.
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1 INTRODUCTION
Around 1.5 billion people worldwide are affected by mi-

cronutrient deficiency due to the inability to afford adequate 
quantities of red meat, chicken, fish, fruits, and vegetables 
that meet their nutritional needs (Wang et al., 2016); children, 
mothers, nursing mothers, and senior citizens are the primary 
victims of malnutrition. Micronutrient deficiencies such as 
iron, zinc, and vitamin A may compromise children’s physical 
and intellectual development and may even lead to premature 
death. Iron deficiency can also cause anemia in women of re-
productive age, both well-nourished and overweight (Jennings 
Aburto et al., 2013).

Energy-rich diets can still be low in micronutrients due to 
limited access to fresh and nutritious food, which tends to be 
expensive. Consequently, individuals with limited resources 
often opt for cheaper, calorie-dense food with minimal diversity 
and low nutrient and fiber levels.

Current strategies to combat malnutrition in developing 
countries have focused on providing vitamin and mineral sup-
plements and food fortification. Although these strategies have 
yielded positive results (Bouis & Saltzman, 2017), there are 

limitations in the fortification and availability of commercial 
supplements.

According to NEPA and UNICAMP (2011), 100 g of sugar-
cane syrup contains 1242.65 kJ (297 kcal), 22.1% moisture, 76.6 g 
carbohydrate, and 1.3 g ash, but no dietary fiber and cholesterol. 
The protein, lipid, and fiber contents were insignificant.

Sugarcane syrup has the potential to serve as an alternative 
food source for supplying energy and minerals. It is obtained 
by concentrating sugarcane juice (Saccharum officinarum) or 
rapadura through appropriate processes such as cooking and 
evaporation (Brasil, 1978; 2005). Unlike some organic com-
pounds, most minerals are not destroyed during cooking, and 
their concentrations may increase in the final product (Nogueira 
et al., 2009).

The physical properties of sugarcane syrup vary, but liter-
ature reports an average specific gravity of 4.266, ash content 
ranging from 0.3 to 3.9%, sugar content of 57.25 g 100 g–1, sol-
uble solid content ranging from 72.3 to 82.9% per 100 g, acidity 
levels of 0.3% (glycolic acid) and 0.4% to 1.0% (aconitic acid), 
and pH values of 3.9 to 5.7 (Khalili et al., 2022; Vicentini-Polette 
et al., 2019).
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Sugarcane syrup provides essential nutrition in several 
regions of Brazil, serving as both an independent dietary item 
and a versatile additive. Recognized for its richness in energy 
and nutrients, 100 g of sugarcane syrup provides 1,242.65 kJ 
(297 kcal) (Jeronimo, 2018). Moreover, it is mainly produced 
through family-based operations, thus fulfilling its roles in 
self-consumption and income generation. Furthermore, it holds 
vital cultural solid significance; it is sought after in natural food 
markets and preserves nutrients from sugarcane juice, including 
high concentrations of essential minerals, such as iron, calcium, 
potassium, sodium, phosphorus, magnesium, and chlorine 
(Amorim et al., 2009). Notably, in contrast to certain organic 
compounds, minerals withstand the cooking process without 
degradation (Nogueira et al., 2009).

The nutritional composition of sugarcane syrup depends 
on the characteristics of sugarcane juice, which is influenced by 
several factors, including variety, soil type, climatic conditions, 
fertilization, cane maturity level, harvest method, the duration 
between harvest and processing, and quantity of leaves and 
straws present (Basso et al., 2011).

The recommended daily iron intake for an individu-
al on a diet is approximately 8,368 kJ (2,000 kcal) of 14 mg.  
Therefore, 100 g of the product corresponded to 39% of the rec-
ommended value (Brasil, 2003). Calcium intake regulates body 
temperature, thermogenesis, and other metabolic processes, 
including hormonal regulation (Zemel et al., 2004). Zinc plays 
a role in growth, immunity, and cognition (Macedo et al., 2019). 
Therefore, sugarcane syrup is a promising source of essential 
minerals for nutrition.

Understanding the mineral composition of sugarcane syrup 
is crucial for several reasons: syrup is extensively used as a food 
product and for income generation. In addition, by examining 
its mineral content, we can also assess its nutritional value and 
potential health benefits for consumers. Second, investigating 
the mineral content of sugarcane syrup could provide insights 
into the nutrient profiles and potential bioavailability of these 
minerals. Furthermore, it is culturally and economically signifi-
cant, particularly in the syrup production regions. Ensuring the 
production of high-quality syrup while preserving its cultural 
impact is of utmost importance. Overall, exploring the mineral 
content of sugarcane syrup contributes to our understanding of 
its nutritional value and potential health benefits and emphasizes 
its cultural significance, thus providing valuable insight into the 
sugarcane industry for both consumers and producers.

This study aimed to analyze the mineral composition of 
sugarcane syrup produced in different regions of Brazil and to 
assess its potential as a source of minerals in the human diet.

2 MATERIALS AND METHODS
In total, 15 commercial brands of sugarcane syrup were 

purchased from different Brazilian regions, including the prod-
uct designation (name), manufacturer’s name and address, net 
weight, ingredients, and expiration date. In addition, only syrups 
with expiration dates longer than the experimental duration 
were selected. Fifteen samples were obtained from the follow-
ing Brazilian states: São Paulo (3), Paraná (3), Rio Grande do 

Sul (3), Santa Catarina (3), Mato Grosso do Sul (2), and Rio de 
Janeiro (1).

Calcium (Ca), copper (Cu), iron (Fe), phosphorus (P), 
magnesium (Mg), manganese (Mn), potassium (K), and zinc 
(Zn) were determined by mixing 0.5 to 1.2 g of each sample in 
nitric-perchloric acid (7 mL), following the study of Oliveira 
et al. (2005). Afterward, each sample was diluted with 25 mL of 
deionized water and stored in plastic tubes at room temperature. 
Mineral composition analysis was performed using inductive-
ly coupled plasma optical emission spectrometry (ICP-OES; 
VistaRL CCD-Simultaneous ICP-OES, Varian) with a dichroic 
spectral combiner for data collection in radial visualization 
mode, a V-groove nebulizer, and a Sturman–Masters fogging 
chamber. The experimental conditions for ICP-OES were as 
follows: plasma power, 1.3 kW; gas flow, 15.0 L min-1; auxiliary 
flow, 1.5 L min-1; nebulizer flow, 1.4 L min-1; and nebulization 
rate, 4.0 L min-1.

The data obtained were evaluated with analysis of variance 
using JASP software (version 0.11.1.0), considering significant 
differences between means in the Tukey test (p ≤ 0.05) to be 
significant.

3 RESULTS AND DISCUSSION
Vicentini-Polette et al. (2019) determined that among the 

15 brands analyzed, sugarcane syrup has a pH ranging from 
3.93 to 5.67, acidity of 0.44–0.97%, viscosity of 9.00–314.33 
St, soluble solids of 72.27–82.87 ºBrix, reducing sugar content 
of 9.00–61.51%, and moisture of 9.01–26.12% (NEPA & UNI-
CAMP, 2011).

The permitted ash content for sugarcane syrup was up to 
6% (Brasil, 1978), and all analyzed samples adhered to this 
recommendation. However, current Brazilian legislation does 
not specify the ash content of the product (Brasil, 2005). Table 1 
presents studies on the ash content of sugarcane syrup.

Furthermore, the ash content of a product directly cor-
relates with its total mineral and metal content. Sugarcane 
syrups exhibit significant physical and chemical variations 
influencing consumer preferences (Vicentini-Polette et  al., 
2019). In addition, the lack of standardization negatively af-
fects food quality, as dirt is found in 93% of Brazilian sugarcane 
syrups (Belé et al., 2019).

There was a variation of 1.21 and 1.84% in sugarcane syrups 
produced through different methods that utilized the same raw 

Table 1. Average ash content in sugarcane syrup according to relevant 
literature.
Literature Ash content (%)
Brasil (1978) < 6
Brasil (2005) Not determined
Saska and Chou (2002) 0.68–5.8
NEPA and UNICAMP (2011) 1.3
Barreto et al. (2015) 1.2–2.1
Vilela (2016) 0.23–1.60
Vicentini-Polette et al. (2019) 0.3–3.8
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material and 2.08% in a commercial sample (Barreto et  al., 
2015); these findings suggest that processing methods do not 
significantly affect the final ash content when raw ingredients 
are identical. However, the elevated ash content in sugars needs 
to be controlled, as the high levels stop crystallization and also 
contribute to an undesirable taste (Lopes & Borges, 2004).

Sugarcane syrup naturally contains specific minerals, such 
as iron, calcium, magnesium, and potassium. Owing to its 
distinct flavor and thickness, this syrup can be widely used as 
a flavoring agent in various food products, including baked 
goods, sauces, and marinades. Furthermore, it contains precise 
amounts of essential minerals, including approximately 0.9 mg 
of iron; 146 mg of calcium; 242 mg each of iron, calcium, and 
magnesium; and 1,464 mg of potassium per 100 g of sugarcane 
syrup, respectively. Trace minerals enhance the taste of culinary 
creations and provide potential health benefits to individuals 
(Codex Alimentarius, 2019).

Nogueira et  al. (2009) reported the following ranges of 
mineral variation in commercial sugarcane syrups (mg 100 g-1): 
1.2 to 7.5 iron, 62 to 699 potassium, 4.6 to 155 phosphorus; 4.6 
to 57 sodium; 0.04 to 2.4 copper; 18 to 139 magnesium; 0.31 to 
1.59 zinc; 0.39 to 2.8 manganese; and 22 to 50 calcium. The vast 
range of mineral nutrients in commercial sugarcane syrup hin-
ders its nutritional characterization.

Furthermore, commercial sugarcane syrups showed sig-
nificantly higher levels of iron, phosphorus, sodium, and man-
ganese than artisanal syrups produced using stainless steel 
mills. These high metal levels may be attributed to contamina-
tion during manufacturing, especially when using copper pots 

(Nogueira et al., 2009). Finally, significant variation was found 
in the mineral content of the different sugarcane syrup samples, 
with potassium having the highest average of 340 mg 100 g–1.

Minerals are essential nutrients for human health and are 
primarily obtained from food. Iron is crucial for preventing 
iron deficiency anemia, the most prevalent type in the Brazilian 
population; moreover, this type of anemia is diagnosed in 95% 
of cases (Brasil, 2002).

Table 2 shows the mineral composition of sugarcane syrup. 
According to Amorim et al. (2009), the mineral composition per 
100 g of sugarcane syrup was 30–70 mg phosphorus, 190–540 
mg potassium, 60–120 mg calcium, and 40–110 mg magnesium.

The varying ranges in mineral content were similar to those 
published by NEPA and UNICAMP (2011). However, there were 
exceptions for sodium and calcium, which had higher and lower 
concentrations than in the analyzed sugarcane syrup, respec-
tively. Additionally, most samples had lower levels of minerals 
such as iron, manganese, copper, and phosphorus than those 
reported by NEPA and UNICAMP (2011). According to NEPA 
and UNICAMP (2011), sugarcane syrup contains the following 
per 100 g of product: 5.4 mg iron, 395 mg potassium, 74 mg 
phosphorus, 4.0 mg sodium, 0.85 mg copper, 115 mg magne-
sium, 0.3 mg zinc, 2.6 mg manganese, and 102 mg calcium. 
These values are the averages of the analytical results obtained 
from at least three to five samples of the leading commercial 
brands collected from different regions of Brazil.

In Brazil, a law was established wherein food products may 
be considered a source of vitamins and minerals if they contain 

Table 2. Average mineral levels in sugarcane syrup and related laws.
Samples Ca Mg P K Cu Fe Mn Zn

-------------------------------------- (mg 100 g-1) ----------------------------------------
A 77.49ab 94.69a 44.83fg 73.49ghi 0.16a 6.86bcd 1.71c 0.63abc

B 42.60def 69.39c 53.87def 95.43de 0.23a 34.35a 3.03b 0.79abc

C 72.30bc 60.36cd 84.22b 28.58cd 0.17a 1.22d 1.01de 0.41bc

D 101.07a 63.17cd 98.49a 04.88de 1.61a 3.62bcd 1.42cd 0.53bc

E 22.02fg 14.60f 15.99h 24.99hij 0.93a 2.48cd 0.60e 0.50bc

F 25.64fg 50.68de 79.51bc 781.53a 0.45a 3.40cd 0.56e 0.60bc

G 65.95bcd 87.52ab 66.95cd 542.04b 0.30a 39.52a 2.54b 1.50a

H 3.56bcde 98.51a 46.22efg 75.79de 0.54a 9.33bc 2.95b 0.95abc

I 25.14fg 10.82f 9.72h 111.07ij 4.18a 3.52bcd 0.91de 0.71abc

J 21.32fg 18.97f 36.99g 83.52de 0.96a 0.89d 0.47e 0.57bc

K 76.02b 93.57a 62.95d 18.13bc 0.39a 10.99b 4.03a 0.74abc

L 44.32def 73.43bc 9.39h 258.01fg 0.09a 7.41bcd 0.73e 0.35bc

M 50.38cde 53.59de 54.73def 311.69ef 0.16a 0.90d 2.78b 0.17c

N 39.59efg 43.24e 59.12de 32.23fgh 0.52a 4.97bcd 0.80e 1.19ab

O 15.80g 19.33f 5.58h 64.65j 0.96a 2.85cd 0.53e 1.05abc

Average 49.55 56.79 48.57 340.4 0.77 8.82 1.6 0.71
SD 6.09 3.95 3.4 27.11 1.62 1.87 0.15 0.22

------------------------------------- (mg day-1) -----------------------------------------
NEPA and UNICAMP (2011) 102 115 74 395 0.84 5.4 2.62 0.3
FAO (2001) 1.000-1.300 220-260 - - - 9-59 - -
FDA (2016) 1.300 420 1,250 4.700 0.9 18 2.3 11
EFSA (s.d.) 750-860 300-350 550 3.500 1.3-1.6 6-7 3 6.2-12.7

SD: Standard deviation. Different letters in the same column indicate significant differences (P < 0.05).
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either a minimum of 15% of the recommended daily intake of 
the respective nutrients per 100 g for solid food or a minimum 
of 7.5% per 100 mL for liquids (Brasil, 1998). These limits con-
sider food intake, with liquids generally consumed in larger 
quantities. However, the recommended amount of sugarcane 
syrup that can be ingested is smaller than for most solid foods 
at an estimated 20 g (Brasil, 2003).

Table 2 illustrates that potassium has the highest average 
concentration among all elements. In this study, potassium levels 
in the samples ranged from 4.88 mg to 781.53 mg. Fu  ther-
more, the World Health Organization (WHO) recommends a 
minimum daily intake of 3,510 mg of potassium. Potassium is 
an essential cation that directly affects lean mass and cellular 
behavior (Grillo et al., 2020). It aids various functions of the 
body, including muscle movement and nerve impulse transmis-
sion. Imbalances in the intra- and extracellular concentrations 
may impair neural transmission, cell contraction, and vascular 
tone (Hack, 2012).

Potassium intake below the recommended level can cause 
fatigue, thirst, cardiac problems, and muscle fatigue (Pinheiro 
et  al., 2005). Similar potassium levels have been reported in 
previous studies of sugarcane syrup (Lee et al., 2018; Shaheen 
et al., 2013; Singh et al., 2013).

Magnesium is essential for calcium fixation in the body 
(Brasil, 2002). In the present study, the values for magne-
sium were slightly lower than those reported by Amorim 
et  al. (2009), ranging from 10.82 to 94.69 mg 100 g-1 for 
magnesium. The Food and Agriculture Organization (FAO, 
2001) recommends a minimum daily intake of 220 mg for a 
balanced adult diet. Therefore, adults can consume from 4.92 
to 44.78% magnesium in 100 g of sugarcane syrup (approx-
imately 5 tablespoons). Among these minerals, calcium is 
crucial for bone maintenance, osteoporosis prevention, and 
blood pressure regulation. The study found slightly lower cal-
cium values than those mentioned in the literature (Amorim 
et al., 2009; NEPA & UNICAMP, 2011), ranging from 15.80 
to 101.07 mg 100 g–1.

Although sugarcane syrup is not widely recognized for 
its calcium content, it is richer in calcium than whole cow’s 
milk, which has a calcium content of 123 mg 100 g-1 (NEPA 
& UNICAMP, 2011). Therefore, it would take 243–1,157 g of 
sugarcane syrup to replace 200 g of whole cow’s milk. Adults’ 
recommended minimum daily calcium intake is 1,000 mg (FAO, 
2001). Consequently, consuming 100 g of the syrups analyzed 
in this study would provide 0.36 to 10.11% of the daily calcium 
requirement.

In this study, iron ranked fifth in mineral content in sug-
arcane syrup, followed by calcium, magnesium, phosphorus, 
and potassium, which were the highest (Table 2). The average 
iron levels in sugarcane syrups ranged from 0.89 to 39.52 mg 
100 g-1. However, the amount of iron absorbed and available 
for metabolism is determined by its bioavailability. Bioavail-
ability is influenced by several factors, such as speciation, mo-
lecular bonding, quantity ingested, food matrix, nutritional 
status, genetics, and interactions between minerals and vitamins  
(Cozzolino, 1997).

Iron contained in food of animal origin is better absorbed 
(up to 22%) than in food of plant origin (1 to 6%). Despite sug-
arcane syrup being a source of iron, it likely needs to be oxidized 
before consumption because of potential contamination and 
exposure to heat, resulting in less to no absorption (Nogueira 
et al., 2009; Silva & Williams, 1993).

In addition, the competition between calcium and iron 
in biological systems may also interfere with their absorption 
(Pereira et al., 2009). The same holds for interactions between 
iron, zinc, and other minerals and vitamins. Therefore, in ad-
dition to improving bioavailability, a balanced diet is necessary 
(Cozzolino, 1997).

Thus, it can be observed that the mineral content is also 
dependent on various factors, and standardization based on 
a narrow range of acceptable values is not recommended.  
However, future studies may explore factors that enhance miner-
al content, suggesting a minimum or desirable range for mineral 
content. Incorporating sugarcane syrup as an additive into other 
food can also help balance the overall nutrition of an individual’s 
diet. In addition to the benefits of minerals to human health, a 
healthy diet is known to influence the gut microbiome, suggest-
ing the beneficial effects of bacteria on mineral bioaccessibility 
and bioavailability (Bielik & Kolisek, 2021).

Furthermore, since sugarcane syrup is a product of national 
significance, it is crucial to enforce efficient regulations that es-
tablish parameters for producing high-quality sugarcane syrup 
without compromising its cultural essence.

4 CONCLUSION
Besides sugarcane syrup’s renowned flavor and thickness, 

it naturally contains essential minerals, such as iron, calcium, 
magnesium, and potassium, offering potential health bene-
fits. Potassium has the highest average concentration of up to 
781.53 mg among all other elements. Magnesium levels in the 
syrup varied from 10.82 to 94.69 mg 100 g–1. Iron ranked fifth 
in mineral content (8.82 mg 100 g–1), trailing behind calcium, 
magnesium, phosphorus, and potassium.

Due to its significant mineral content, sugarcane syrup 
has high nutritional value, making it a valuable addition to 
a balanced diet. Although considerable quantitative varia-
tion was observed, the qualitative mineral compositions of 
the evaluated products remained relevant and consistent. 
Therefore,  establishing a narrow standardization based on 
a limited range of acceptable values is not recommended. 
Despite, sugarcane syrups with lower mineral levels can be 
considered nutritionally adequate.
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