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A B S T R A C T   

Spondias tuberosa is a tree fruit native to the Caatinga biome in Brazil whose fruits (umbu) are usually consumed 
fresh, in regional recipes or in the form of pulp. Grown in Brazilian low-income regions, S. tuberosa fruits present 
high sociocultural importance in the Semiarid region of Brazil, acting as a source of livelihood for various family 
groups in these regions. In this sense, the aim of this work was to develop an integrative review of the nutritional 
and biological attributes of S. tuberosa fruits using a systematic approach. We searched on four databases: CABI, 
Pubmed, Scopus, and Web of Science. Twenty-four studies were included after the review protocol was applied. 
The results showed that umbu exhibits low carbohydrate and protein content, varying according to the matu-
ration stage and fruit part. Both the pulp and peel of umbu presented low lipid content whereas the highest lipid 
content was found in the seeds, which also presented the highest fiber content. The fruits presented considerable 
amounts of vitamin C and minerals. Bioactive phenolic compounds and carotenoids are concentrated mainly in 
the fruit peel and seeds. The studies presented promising findings, which reinforce the importance of considering 
the consumption of this fruit due to its potential for health benefits and increase of its socioeconomic value.   

1. Introduction 

Currently, studies highlight the relationship between the availability 
of regional plants and fruits and their presence in the food culture and 
market of the regions in which these foods grow (Gonçalves et al., 2016). 
In this sense, the number of plants used in food is generally influenced by 
the diversity of species and local food culture (Cunha, 2020). 

The Brazilian semiarid biome extends across all states in the north-
east region of the country, also comprising part of the southeast region, 
occupying 12% of the total Brazilian territory (Medeiros et al., 2012). 

Furthermore, this region is occupied by around 28 million inhabitants, 
distributed in 38% of rural areas, whose agriculture and extractivism are 
characterized as the main economic activity (Medeiros et al., 2012). 

Climate projections predict longer droughts and higher temperatures 
(Torres et al., 2017), which will reduce the habitat of endemic species 
and consequently affect the ecosystem, compromising water availability 
(A. dos Santos et al., 2020). In this sense, the supply of plants and their 
use have been investigated for decades, providing evidence that human 
populations mainly consume plants that are most available in the 
landscape (Gonçalves et al., 2016). 
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Umbu (Spondias tuberosa) is a fruit tree native to the Caatinga biome 
(semi-arid) in Brazil, which belongs to the Anacardiaceae family and is 
found in the Northeast region and the state of Minas Gerais in Brazil 
(Fig. 1) (Barreto and Castro, 2010). 

This plant is used to low-rainfall environments and is widely 
explored for its fruits through extractivism in the semiarid region of the 
Northeast of Brazil; the processing of these fruits is an alternative source 
of income for small farmers in the dry season (Cavalcanti et al., 1996; 
Martins and Melo, 2017). Most umbu production is concentrated in the 
Northeast region of Brazil, which produced 7465 tons of this fruit in 
2017 (Instituto Brasileiro de Geografia e Estatística, 2017). 

The S. tuberosa fruit (umbu) is round, has smooth or hairy peel, and 
weighs between 5.5 and 130 g; the fruiting season is between November 
to March, summer in Brazil. Umbu is composed of approximately 68% 
pulp, 22% peel, and 10% seed, and presents higher weight, yield, and 
length when mature (Barreto and Castro, 2010; Costa et al., 2004; V. R. 
de Oliveira et al., 2018). The production of an adult tree reaches 
approximately 300 kg of fruits per crop season. Umbu is a very perish-
able fruit, which hinders its fresh marketing. Thus, besides being 
consumed fresh, it is processed to produce juices, ice creams, sweets, 
alcoholic drinks, and frozen pulps (Barreto and Castro, 2010; Lago et al., 
2016). 

Products from umbu are marketed in several regions of Brazil and 
market niches in Europe (Lima et al., 2018). Umbu stands up among the 
fruits of the semiarid region of Brazil because it is part of the culture and 
social and economic activities of family farmers (Castro and Rybka, 
2015). 

The literature shows that umbu fruits present vitamins riboflavin, 
nicotinamide, pantothenic acid, vitamin C (Assis et al., 2020), minerals, 
phosphorus, potassium, calcium, magnesium, iron, copper, sodium, 
zinc, selenium, cobalt, and nickel, macronutrients, and fiber (Almeida 
et al., 2009). In addition, the fruit pulp, peel, and seed show antioxidant 
activity; and the composition of fresh fruits presents bioactive compo-
nents, such as anthocyanins, flavonoids, carotenoids, and chlorophyll 
(Ribeiro et al., 2019; Rufino et al., 2010). 

In this sense, considering the umbu fruit’s economic, sociocultural, 
nutritional, and biological importance, the objective of this work was to 
review the nutritional and biological potential of umbu fruits. 

2. Materials and methods 

To evaluate the nutritional and biological characteristics of umbu, an 
integrative review with a systematic approach was performed. 

2.1. Inclusion and exclusion criteria 

The criteria for inclusion of studies were fruit collection place, which 
was restricted to the Northeast region of Brazil because the fruit is native 
to this region; and edible parts of the fruit (pulp, peel, and seed). Studies 
regarding the analysis of non-edible parts such as branches, leaves, 
stems, and roots were excluded. Short communications, reviews, books, 
case reports and conference abstracts were also excluded. For a better 
understanding of the available literature and considering that the 
analyzed fruit is endemic only in the Brazilian region, no time limits 
were adopted concerning the publication of studies. 

2.2. Information sources 

Individual search strategies were developed for four electronic da-
tabases: Centre for Agriculture and Bioscience International (CABI), 
PubMed, Scopus, and Web of Science. The last search was performed on 
1st December 2023. The reference lists of the included studies were also 
examined to retrieve more studies apart from the screening phase. 

2.3. Search strategy 

The first part of the research focused on the S. tuberosa nutritional 
and chemical composition. Thus, the keywords researched were “Spon-
dias tuberosa” combined with “carbohydrates”, “proteins”, “amino 
acids”, “minerals”, “dietary fiber”, “vitamins”, “fatty acids”, “caroten-
oids”, “phenolic compounds”, “polyphenols”, “flavonoids”, “proximate 
composition”, or “nutritional composition”. Patent research was also 
carried out utilizing Google patents. 

A search was carried out for each term combination in the databases. 
Endnote Web® and Rayyan Web® software were used to manage 
bibliographic references. 

2.4. Study selection 

The selection of the studies was performed in two stages. In the first 
stage, two independent reviewers analyzed the title and abstracts of all 
studies identified in the databases. Studies that did not meet the inclu-
sion criteria were discarded. In the subsequent phase, decisions were 
made by the first and second reviewers, while a third independent 
reviewer was available to solve possible disagreements. 

In the second stage, the same first two reviewers applied the eligi-
bility criteria to the full text of the selected studies. In addition, two 
experts were consulted for possible disagreements unsolved by the third 
reviewer and also for the inclusion of relevant studies. In the end, the 
sample consisted of the full texts included by the group of reviewers. 

2.5. Data collection 

The following data was collected from the included studies: authors 
and year of publication, fruit part analyzed, collection place and both 
nutritional and functional composition. Regarding the nutritional 
composition, the values for carbohydrates, starch, and sugars, dietary 
fiber, protein, lipids, vitamins, and mineral content was collected. 
Values were presented as proximate composition (%) or in g/100 g of 
the fruit/part of the fruit. For the functional composition, data regarding 
the presence and quantity of phenolic compounds and carotenoids were 
collected. 

3. Results and discussion 

3.1. Studies general characteristics 

After applying the stipulated review protocol, 24 complete studies 
were chosen for data extraction. No patents were found. Fig. 2 below 
summarizes the studies included according to their publication date as Fig. 1. Spondias tuberosa ripe fruits.  
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well as the analyses carried out by them. Since umbu is a Brazilian 
regional fruit, 100% (n = 24) of the studies were performed in Brazil, 
between 1992 and 2022. Fig. 3 below illustrates the proportion of an-
alyses carried out by the included studies. 

From all included studies, three studies (12.5%) determined the 
carotenoid content of all parts of the umbu fruit (Melo and Andrade, 
2010; Oliveira et al., 2011; Ribeiro et al., 2019). Eight studies quantified 
the ascorbic acid (vitamin C) content of umbu fruits; no other vitamins 
were quantified (Bastos et al., 2016; Gonçalves et al., 2016; Honorato 
et al., 2015; Narain et al., 1992; C.F.P. Oliveira et al., 2013; Omena et al., 
2012; Ribeiro et al., 2018; L. O. Ribeiro, Viana et al., 2019; Vissotto 
et al., 2013). 

Regarding the total phenolics content (TPC), 50% of the studies (n =
12) performed TPC analysis (Barreiros et al., 2018; Dias et al., 2019; 
Ferreira et al., 2022; Gonçalves et al., 2016; Meinhart et al., 2019; Melo 

and Andrade, 2010; Omena et al., 2012; Ribeiro et al., 2019; Rufino 
et al., 2010; A.F. Santos et al., 2018; E.F Santos et al., 2018; Vissotto 
et al., 2013). 

As for the mineral content, six of the included studies (25%) pre-
sented data (Narain et al., 1992; S.L. Silva et al., 2022; Borges et al., 
2007; Ribeiro et al., 2019; E.A. Oliveira., 2011; Almeida et al., 2009). 
Only two studies (8.3%) presented information regarding umbu fruit 
dietary fiber content (Ribeiro et al., 2019; Silva et al., 2022). 

For the macronutrient content, six studies (25%) performed analyses 
regarding both carbohydrate content and protein (Borges et al., 2007; 
Narain et al., 1992; Oliveira et al., 2011; Ribeiro et al., 2019; Bastos 
et al., 2016; Silva et al., 2022). Five studies (20.8%) analyzed the total 
lipid content and fractions (Borges et al., 2007; Narain et al., 1992; 
Oliveira et al., 2011; Ribeiro et al., 2019; Silva et al., 2022). 

3.2. Nutritional characteristics 

3.2.1. Carbohydrates 
Umbu (Spondias tuberosa) fruit usually has low carbohydrate content, 

and its composition varies according to the fruit maturation stage or part 
analyzed. Two studies analyzed the carbohydrate content of umbu seeds 
(Borges et al., 2007; Ribeiro et al., 2019). Results showed that immature 
seeds presented a lower content of carbohydrates (9.40 g/100 g fresh 
weight (FW)) compared to mature fruits (11.50 g/100 g FW) (Borges 
et al., 2007). In the other study (Ribeiro et al., 2019), umbu seeds pre-
sented 9.01 g/100 g FW of carbohydrates, however, the maturation 
stage was not described. 

In the case of fruit seeds in general, the carbohydrate content refers 
to the energy reserve of the fruit, directed to the budding and growth of 
the fruit respectively, however, unlike fruit pulps which are mostly 
made up of carbohydrates and water, the seeds also concentrate most of 
the proteins and lipids in the fruit (Fidelis et al., 2019). 

Five studies performed analysis regarding carbohydrate content of 
umbu pulp in different presentations (Bastos et al., 2016; Narain et al., 
1992; Ribeiro et al., 2019; A. A. Santos et al., 2018; Silva et al., 2022). 

In the study conducted by Narain et al. (1992), the results showed 
that the carbohydrate content increased as the fruit matured, with the 
total carbohydrate value being 3.37 g/100 g FW in the immature fruit 
and 6.14 g/100 g FW in the mature fruit, respectively (Narain et al., 
1992). 

This tendency, however, is inherent to the fruit ripening process. Due 
to ethylene, a hormone in gaseous form produced by the fruit itself, 
resistant starch chains and dietary fiber are converted into saccharides 
with a simpler molecular structure, such as fructose, thus becoming 
more bioavailable and detectable in carbohydrate analyses (Lin et al., 
2009). 

In the case of different processing techniques used in the pulps, 

Fig. 2. Summary of complete studies included for data extraction arranged 
according to temporality and analyses performed. 

Fig. 3. Proportion of analyses carried out by the included studies.  
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different carbohydrate levels were found. In studies in which the total 
amount of carbohydrates in isolated umbu pulps were evaluated 
(Ribeiro et al., 2019; Silva et al., 2022), samples from fresh umbu pulps 
presented values between 5.67 g/100 g FW and 71.53 g/100 g dry 
weight (DW), thus highlighting a lot of variety in the nutritional value of 
these products. However, it is important to note that the results found in 
the study conducted by Silva et al. (2022) were expressed in wet weight 
(5.67 g/100 g), while the carbohydrate values found by Ribeiro et al. 
(2019) were expressed in dry weight. 

However, in the context of fruit pulp manufacturing processing, 
there are several variables to be considered. The first refers to the fruit’s 
state of maturity, given that more mature fruits tend to have a higher 
content of available carbohydrates (Zhao et al., 2015). Another point 
concerns the processing technique used in making pulps. 

Pulps sold after the pasteurization process have a higher content of 
available carbohydrates, since the thermal process used favors the hy-
drolysis of carbohydrate chains present in the fruit, thus increasing their 
concentration (Subharaj et al., 2022). Furthermore, the water content of 
the pulps also influences the concentration of their nutrients, as a greater 
amount of water results in the dilution of their nutritional value (Guo 
et al., 2003). 

However, one of the limitations presented by both studies is the lack 
of characterization of pulp processing, thus highlighting a knowledge 
gap (Ribeiro et al., 2019; Silva et al., 2022). Only one of the studies 
presented the concentration of carbohydrates in umbu peel, with 
average values of 40.42 g/100 g DW (Ribeiro et al., 2019). 

Within the analyses carried out in the included studies, results were 
also found regarding the levels of reducing, non-reducing and total 
sugars present in different presentations of umbu (Bastos et al., 2016; 
Narain et al., 1992; A.A. Santos et al., 2018). 

In the case of isolated pulps, differences in relation to the quantity of 
reducing and non-reducing sugars were found based on the state of 
ripeness of the fruits (Narain et al., 1992). Regarding immature fruit 
pulp, the reducing sugar content was around 2.79 g/100 g FW, while in 
ripe fruit pulp, this concentration rose to 4.14 g/100 g FW (Narain et al., 
1992). In the context of non-reducing sugars, the value was 
0.58 g/100 g FW for immature umbu pulp and 2 g/100 g FW for mature 
umbu (Narain et al., 1992). Total sugar values were higher in ripe fruit 
pulp, with average values of 6.14 g/100 g FW, while immature fruit 
pulp presented only 3.37 g/100 g FW (Narain et al., 1992). 

When considering the processing variables, in non-concentrated 
commercial umbu pulps, the value of reducing sugars was lower 
compared to its concentrated commercial variation, being 4.96 g/100 g 
FW and 6.08 g/100 g FW respectively (A.A. Santos et al., 2016). This 
tendency was the same in relation to the non-reducing sugar content. 
While the non-concentrated commercial version presented 3.56 g/100 g 
FW, the concentrated version presented a higher content, 7.46 g/100 g 
FW (A.A. Santos et al., 2016). 

The proportion of reducing and non-reducing sugars in a fruit is 
decisive in its industrial application. In the case of umbu, it is noted that 
it is a fruit with a higher proportion of reducing sugars, therefore, its use 
can be more efficient in the development of products that require more 
viscoelastic textures, fermented, or used in order to intensify the Mail-
lard reaction, providing more sensorially desirable coloring in products 
(Mckenzie & Lee, 2022; Prasanna et al., 2007). In the same sense, the 
lower proportion of non-reducing sugars reduces the sweetness of the 
fruit, hindering its application in preparations that depend on the fruit to 
impart a sweet taste, except for the concentrated version of its pulp 
(Mckenzie & Lee, 2022; Prasanna et al., 2007). 

Only one study carried out analysis of the starch content of umbu 
fruits, which decreased from 1.55 g/100 g FW in immature fruit to 
1.39 g/100 g FW in mature fruit (Narain et al., 1992), being this 
reduction is an inherent process of fruit ripening, also due to the action 
of ethylene (Prasanna et al., 2007). 

3.2.2. Protein 
A total of six studies evaluated the total crude protein present in 

different parts of umbu fruits (Bastos et al., 2016; Borges et al., 2007; 
Narain et al., 1992; Oliveira et al., 2011; Ribeiro et al., 2019; Silva et al., 
2022). All of them utilized the certified AOAC Kjedahl method based on 
nitrogen distillation (Helrich, 1990). 

In the context of umbu pulps, samples were analyzed regarding 
different stages of maturation (Narain et al., 1992), commercial samples 
(Bastos et al., 2016; Ribeiro et al., 2019), concentrated commercial 
samples (Bastos et al., 2016) and fresh pulp (E.A. Oliveira et al., 2011; 
Ribeiro et al., 2019; Silva et al., 2022). 

As in the case of the majority of fruits, umbu pulp did not present 
high concentrations of protein. Regarding the different stages of matu-
ration, the immature fruit pulp presented 0.31 g/100 g FW of protein, 
while the mature fruit presented a lower concentration of 0.24 g/100 g 
FW, however, no significant differences were found in statistical analysis 
(Narain et al., 1992). 

A higher variation was found between analyzed commercial pulps. 
One study presented an average value of 0.68 g/100 g FW (Bastos et al., 
2016), while another analyzed sample presented 6.18 g/100 g DW 
(Ribeiro et al., 2019). However, similar to what was found in the anal-
ysis of carbohydrates, the study conducted by Ribeiro et al. (2019) 
expressed its data based on the dry weight of the samples, thus 
concentrating the constituents, and increasing their value in percentage 
(Ribeiro et al., 2019). 

In the study in which a commercial sample of concentrated umbu 
pulp was analyzed, the protein value presented was 1.28 g/100 g FW, 
compared to the traditional version of the same brand, which presented 
only 0.68 g/100 g FW (Bastos et al., 2016), thus totaling a difference of 
88.2% due to the process used. This variation is a consequence of the 
thermal concentration process used, given that part of the moisture 
content of the pulp is evaporated, thus concentrating the nutritional 
content of fruit pulps (Orrego et al., 2014). 

Only one of the included studies evaluated the protein content of 
umbu seeds (Borges et al., 2007). Similar to other fruits, the highest 
protein percentage in umbu is concentrated in the seeds, with values 
between 24.20 and 25.10 g/100 g FW (Borges et al., 2007). 

Fruit seeds are commonly not consumed fresh and are discarded 
during the preparation of these cultivars. However, recent studies point 
to the potential of using fruit seeds as an alternative to improve use and 
reduce costs, as their protein content can serve to enrich the nutritional 
value of pasta, bread, and cereal bars, in addition to being used as an 
ingredient in the manufacture of animal feed (Larrosa and Otero, 2021; 
Tuna Ağirbaş et al., 2022). 

In this sense, more studies are needed to evaluate the suitability of 
using umbu seeds in this type of product, thus expanding its range of 
applications and increasing its financial and socioeconomic value. 

3.2.3. Lipids and fatty acids 
In general, umbu fruit presented a low concentration of lipids, with 

the highest percentage being concentrated in its seeds (Table 1). Narain 
et al. (1992) studied fruits at different maturation stages and found no 
significant variation in lipid contents. Ribeiro et al. (2019) evaluated 
lipid contents in different parts of the fruit and found higher content in 
the seed, followed by fresh pulp, commercial pulp, and peel. 

In comparison, lipid content in pulps of S. pinnata (0.1 g/100 g FW), 
Spondias lutea L. (0.33 g/100 g FW), and Spondias purpurea L. (0.76 g/ 
100 g FW) fruits were lower than that from fruits of S. tuberosa (Bramont 
et al., 2018; Judprasong et al., 2013). 

The fatty acid profile showed the presence of palmitic acid, stearic 
acid, oleic acid, arachidonic acid, and fruits of the cultivars S. tuberosa 
Moraes Pires (immature and mature) and S. tuberosa Moraes Pires 
Peludo (mature) present similar saturated, monounsaturated, and 
polyunsaturated fat content (Borges et al., 2007). 

A study evaluated different types of extraction and solvents, 
including supercritical fluid extraction (SFE) using CO2 and different 
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Table 1 
Lipid content (g/100 g fresh weight and %) in fruits and fruit parts at different maturation stages from different cultivars of umbu (Spondias tuberosa).  

Study Cultivar, fruit part, and/or fruit 
maturation stage 

Total 
lipids 

Palmitic 
acid 

Stearic 
acid 

Oleic 
acid 

Linoleic 
acid 

Linolenic 
acid 

Arachidonic 
acid 

Saturated Unsaturated Mono- 
unsaturated 

Poly- 
unsaturated  

Immature 0.81 g - - - - - - - - - - 
(Narain et al., 

1992) 
Semi mature 0.82 g - - - - - - - - - -  

Mature 0.89 g - - - - - - - - - -  
Seed            

(Borges et al., 
2007) 

Morales Pires (immature) 55% 19% 10.57% 33.60% - - 0.55% 30.12%  33.60% 35.52%  

Morales Pires (mature) 58% 19.21% 1.31% 35.89% - - 0.56% 31.08%  36.89% 32.44%  
Morales Pires Peludo (mature) 56% 19.98% 12.08% 33.61% - - 0.56% 32.62%  33.61% 33.04%  
Fresh pulp 6 g - - - - - - - - - - 

(Ribeiro et al., 
2019) 

Commercial pulp 4.12 g - - - - - - - - - -  

Seed 8.92 g - - - - - - - - - -  
Peel 0.78 g - - - - - - - - - -  
Seed -            
SFE 15 - 19.9% 9.6% 32.4% 35.5% 2.6% - 29.5% 70.5% 32.3% 38.2% 

(Dias et al., 
2019) 

SFE 30 - 19.5% 9.5% 32.4% 35.8% 2.5% - 29.4% 70, 6% 32.4% 38.2%  

SFE 30 - 19.5% 9.5% 32.7% 35.6% 2.4% - 29.3% 70.7% 32.7% 38%  
UAE Hex - 19.6% 9.5% 32.8% 35.5% 2.1% - 29.5% 70.5% 32.8% 37.7%  
UAE EtOH - 19.6% 9.5% 32.2% 37.0% 2.7% - 27% 73% 33.3% 37.7%  
UAE 30 -      - 29.8%     
SOX Hex - 19.9% 9.5% 32.4% 35.5% 2.3% - 30% 70.2% 32.4% 37.8%  
SOX EtOH -      -  70% 32.5% 37.5% 

(Silva et al., 
2022) 

Fresh Pulp 0.04 g - - - - - - - - - -  
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pressures; ultrasound-assisted extraction (UAE) using ethanol, hexane, 
and ethanol-water; and Soxhlet extraction (SOX) using ethanol and 
hexane, and determined the lipid profile of umbu seeds; it showed the 
presence of saturated fatty acids (palmitic and stearic acid) and unsat-
urated fatty acids (oleic, linoleic, and linolenic acid), constituting most 
of the fat found in the seeds (Dias et al., 2019). 

The dichloromethane extract of S. mombin seeds showed a fatty acid 
profile with higher saturated fatty acid content, palmitic (25.8%) and 
stearic (13.9%), than that of umbu seeds, whereas unsaturated fatty 
acids, palmitic (25.8%), linoleic (31.7%), and oleic (24.4%) were lower 
than those found in umbu seeds, and total saturated (43.9%) and un-
saturated (56.1%) fatty acids were higher in umbu seeds (Rezende et al., 
2018). 

A comparison of results of umbu seeds to results of oils extracted 
from nine commercial oilseeds showed that saturated fatty acid content 
(palmitic and stearic acid) in umbu seeds were lower, unsaturated fatty 
acids (oleic acid) in umbu seeds were higher than those of six of the 
oilseeds studied, linolenic and arachidonic acid in umbu seeds were also 
higher than those of six of oilseeds analyzed (Tuberoso et al., 2007). 

Umbu seeds presented an interesting fatty acid profile, which is more 
promising for the extraction of edible oil when compared to the other 
species of the Spondias genus and oils extracted from conventionally 
used seeds in human food. 

3.2.4. Dietary fibers 
Dietary fiber is the edible part of plants or analogue carbohydrates 

that are resistant to digestion and absorption in the human small in-
testine, with complete or partial fermentation in the large intestine 
(American Association of Cereal Chemists AACC, 2001). Dietary fiber 
include cellulose, hemicellulose, lignin, pectin, and β-glucans (Lattimer 
and Haub, 2010). Dietary fiber presents several beneficial effects on 
human health, such as the prevention of cardiovascular diseases and 
cancer, control of type II diabetes, glycemia, appetite, corporal weight, 
and abdominal adiposity, prebiotic effect, and short-chain fatty acid 
production (Barber et al., 2020; Ötles and Ozgoz, 2014; Slavin, 2013). 

The number of studies on dietary fiber in umbu fruits that met the 
review criteria were low. Ribeiro et al. (2019) evaluated different 
fractions of fruits and found higher fiber contents in seeds (65 g/100 g 
FW) than in peels (49.34 g/100 g FW), fresh pulp (12.35 g/100 g FW), 
and commercial pulp (6.18 g/100 g FW). The maturation stages did not 
significantly alter dietary fiber content in umbu fruits (Narain et al., 
1992). The fruit pulps of S. pinnata (7.5 g 100 g-1) and S. mombin pre-
sented lower fiber content (3.56 g/100 g FW) than the pulps of 
S. tuberosa (Judprasong et al., 2013; Satpathy et al., 2011). 

In this sense, umbu fruit can contribute to the addition of dietary 

fiber in diets in which it is present, however, not in an overt way when 
compared to other fruits typical of Brazilian eating habits, such as 
plums, avocado and banana. 

3.2.5. Minerals and vitamins 
Minerals are essential for the functioning of the human body. They 

participate in the formation of bones, transmission of nerve impulses, 
production of hormones, heart rate regulation, and enzyme structures, 
and are important for nerve and erythrocyte cells. In addition, they 
participate in the regulation of glucose levels, activation of antioxidant 
enzymes, assist in the control of arterial pressure, and are involved in the 
immunological and cerebral systems (Gharibzahedi and Jafari, 2017). 

Table 2 shows the mineral content in umbu fruits. Ribeiro et al. 
(2019) analyzed different parts of umbu fruits and found higher mineral 
content in the seeds, including phosphorus, calcium, magnesium, iron, 
and zinc. The highest potassium and sodium contents were found in the 
commercial pulp. Almeida et al. (2009) and Oliveira et al. (2011) found 
phosphorus, potassium, calcium, magnesium, iron, copper, sodium, 
zinc, selenium, cobalt, and nickel in frozen umbu pulps. 

Schiassi et al. (2018) characterized pulps of fruits of the Cerrado 
biome in Brazil and umbu stood out, showing higher calcium, phos-
phorus, magnesium, and iron content than araçá (Psidium guineense 
Swartz; 42.29, 9.62, 15.28, and 0.18 mg/100 g FW, respectively), buriti 
(Mauritia flexuosa L.; 37.83, 6.85, 14.29, and 0.67 mg/100 g FW, 
respectively), cagaita (Eugenia dysenterica DC.; 22.50, 12.75, 5.78, and 
0.33 mg/100 g FW, respectively), cajá (S. mombin L.; 40.31, 26.24, 
10.31, and 0.37 mg/100 g FW, respectively), mangaba (Hancornia spe-
ciosa Gomes; 31.01, 9.16, 12.80, and 0.50 mg/100 g FW, respectively), 
and marolo (Annona crassiflora Mart.; 39.26, 22.24, 31.78, and 
0.65 mg/100 g FW, respectively). Higher potassium content than that 
found in umbu were found in araçá (Psidium guineense Swartz) 
(295 mg/100 g FW) and marolo (Annona crassiflora Mart.) 
(379 mg/100 g FW) (Schiassi et al., 2018). 

The highest mineral content were found in immature fruits (Narain 
et al., 1991). The same result was found in analyses of cajá fruits 
(S. mombin) (Bora et al., 1991). The fruits of S. cytherea at three different 
maturation stages presented a different trend regarding mineral con-
tents: calcium was higher in mature fruits, whereas phosphorus, mag-
nesium, and zinc were higher in immature fruits (Ishak et al., 2005). 

Umbu seeds of different cultivars and maturation stages presented 
different phosphorus, potassium, calcium, magnesium, iron, copper, 
manganese, sodium, and aluminum contents (Borges et al., 2007). The 
seeds of S. mombin present higher calcium (802 mg/100 g FW), iron 
(9 mg/100 g FW), and phosphorus (708 mg/100 g FW) content and 
lower magnesium (243 mg/100 g FW) and potassium (128 mg/100 g 

Table 2 
Mineral content (mg/100 g fresh weight) in fruits and fruit parts at different maturation stages from different cultivars of umbu (Spondias tuberosa).  

Reference Cultivar, fruit part, and/or fruit 
maturation stage 

P K Ca Mg Fe Cu Mn Na Al Zn Se Co Ni 

(Narain et al., 
1992) 

Immature  32.7 -  16.2 -  1.5 - - - - - - - -  

Semi mature  23.9 -  15.1 -  1.4 - - - - - - - -  
Mature  29.9 -  15.8 -  1.4 - - - - - - - - 

(Borges et al., 
2007) 

Seed                  

Morales Pires (immature)  825 679  191 463  9.59 2.33 2.38 0.16 0.55 - - - -  
Morales Pires (mature)  773 684  143 143  10.1 2.62 2.16 0.14 0.53 - - - -  
Morales Pires Peludo (mature)  780 699  114 478  7.50 2.60 1.85 0.16 0.46 - - - - 

(Almeida et al., 
2009) 

Fruit  29.4 205  30.1 10.8  0.41 0.07 - 2.07 - 0.14 0.11 0.0085 12.1  

Fresh pulp  150 1.240  64 57  2 - - 6 - 0.7 - - - 
(Ribeiro et al., 

2019) 
Commercial pulp  114 2.164  171 87  4 - - 26 - 1 - - -  

Seed  287 755  348 135  74 - - 6 - 2 - - -  
Peel  154 1.49  1 88  1 - - 12 - 0.7 - - - 

(Oliveira et al., 
2011) 

Fresh pulp  14.3   17.9   0.25  - - - - - - -  
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FW) content than S. tuberosa seeds (Dike, 2010). 
The studies showed that vitamin C (ascorbic acid) was the only 

vitamin found in the umbu pulp and is present in higher content in 
immature fruits (Narain et al., 1992). However, S. cytherea fruits pre-
sented higher vitamin C contents in mature fruits (Ishak et al., 2005); 
Melo and Andrade (2010) found higher vitamin C content in 
semi-mature fruits (11.07 mg/100 g FW) than in mature fruits 
(9.33 mg/100 g FW); C. F. P de Oliveira et al. (2013) found 
16.73 mg/100 g FW of ascorbic acid content in umbu fruits; and A. F. 
Santos et al., (2018) found no difference in vitamin C contents in umbu 
pulps subjected to a heating process. 

Bastos, Martinez, and Souza (2016) found differences in vitamin C 
content between commercial and concentrated umbu pulps (5.47 and 
3.36 mg/100 g FW, respectively). Similar acid ascorbic content were 
found in umbu peels, pulps, and seeds (1.52, 1.60, 1.74 mg/100 g FW, 
respectively) (Omena et al., 2012). Rufino et al. (2009) analyzed fruits 
from the Northeast region of Brazil and found that umbu presented the 
lowest vitamin C content among the fruits evaluated (18.4 mg/100 g 
FW). Honorato et al. (2015) evaluated umbu pulps of two brands and 
found vitamin C content of 2.13 and 8.42 mg/100 g FW. Higher vitamin 
C content than that found in umbu pulp were found in fruit pulps from 
Spondias bahienis (8.94–16.69 mg/100 g FW), Spondias dulcis 
(53.5 mg/100 g FW), and S. purpurea (29.6 mg/100 g FW) (Almeida 
et al., 2009; Assis et al., 2020). Umbu pulps presented low acid ascorbic 
content than orange (Citrus sinensis L.) (68.1 mg/100 g FW) and Tahiti 
lime (Citrus latifolia) (41.4 mg/100 g FW) (Barros et al., 2012). 

3.2.6. Phenolic compounds 
Phenolic compounds are widely spread in nature and form one of the 

main classes of secondary metabolites in plants. They occur predomi-
nantly as polyphenols, whose structure is characterized by the presence 
of two or more aromatic rings, with at least one hydroxyl connected to 
each of them (Agostini-Costa et al., 2012; Robards et al., 1999). Phenolic 
compounds present a wide structural diversity, varying from simple 
phenols to polymers of intermediate molecular weight, long chain, or 
high molecular weight (Agostini-Costa et al., 2012; Hu et al., 2017). A 
widely used classification of phenolic compounds consists of dividing 
them into flavonoids and non-flavonoids (Crozier et al., 2009; Del Rio 
et al., 2013; Hu et al., 2017). Polyphenols are important for the pre-
vention of several chronic non-transmissible diseases and have several 
biological properties, such as antioxidant, anti-inflammatory, anti-
cancer, anti-obesity, antidiabetic, and anti-neurodegenerative activities 
(Koch, 2019). 

Different polyphenols contents were found in umbu commercial 
pulps, whole fruit, peel, and seed, as well as quercetin, flavonoids, fla-
vonones, anthraquinones, anthrones, coumarin, leucoanthocyanidins, 
anthocyanins, and tannins. The highest phenolic compound content is 
found in the peels and seeds of umbu fruits (Dias et al., 2019; Omena 
et al., 2012; Ribeiro et al., 2019; Rufino et al., 2010; Rufino et al., 2009; 
E. F. dos Santos et al., 2018; Vissotto et al., 2013). 

Umbu fruits showed higher phenolic compound content in the umbu 
peel than in the pulp (Ribeiro et al., 2019). The umbu pulp also pre-
sented 5-caffeoylquinic acid (CQA) and 4-CQA (Meinhart et al., 2019). 
The highest phenolic compound content were found in extracts of peels 
and seeds of umbu fruits, which are parts that are not usually eaten. 
Ethanolic extracts from S. pinnata fruits have a higher total phenolic 
compound (50.7 gallic acid equivalents (GAE)/g FW) and flavonoid 
(17.8 mg rutin equivalents (RE)/g FW) content in the seeds than in the 
pulp (Maisuthisakul et al., 2007). Dichloromethane extracts from 
S. purpurea of seven different ecotypes collected in Mexico also present 
higher phenolic compound and flavonoid content in the epicarp than in 
the pulp (Villa-Hernández et al., 2017). Similar results were found for 
umbu fruits. 

Differences in total phenolic content according to the maturation 
stage were found for S. tuberosa fruits; semi-mature umbu fruits pre-
sented higher phenolic compound content than those at other 

maturation stages (Melo and Andrade, 2010). Another study found 
higher phenolic compound content in mature fruits when compared to 
other maturation stages (E. F. dos Santos et al., 2018). Contrastingly, 
immature S. cytherea fruits present higher phenolic compound content 
(686 mg/100 g FW) than those in the other maturation stages (Ishak 
et al., 2005). 

Acetone and ethanolic extracts of pulp and whole seriguela fruits 
(S. purpurea), despite belonging to the same genus of umbu, exhibited 
different phenolic profile, presenting protocatechuic acid, p-hydrox-
ybenzoic acid, p-coumaric acid, salicylic acid, synaptic acid, syringic 
acid, trans-cinnamic acid, gentisic acid, vanillic acid, ferulic acid, ellagic 
acid, gallic acid, rutin, myricetin, quercetin, catechin, and phenolic 
compounds in the whole fruits (2276 mg/100 g FW) and in the pulp 
(989 mg/100 g FW) (Dutra et al., 2017). Some pulp extracts of fruits of 
the Spondias genus present lower total phenolic contents than umbu 
pulp, including methanolic extracts from pulps of S. dulcis fruits 
(33.5 mg GAE/100 g FW), methanolic extract from mature S. pinnata 
fruits (30.64 m GAE/g FW), and ethanoic extract from S. purpurea fruits 
(95.95 mg GAE/100 g FW) (Kubola and Siriamornpun, 2011; Silva and 
Sirasa, 2018; Zocoler de Mendonga et al., 2019). 

Several factors affect secondary metabolite contents in plants, 
including genetic, ontogeny, morphogenetic, and environmental factors, 
which are divided into biotic and abiotic factors; abiotic factors include 
water, drought, salt, temperature, radiation, and chemical stresses, 
seasonal variations, and regional effects (Kubola and Siriamornpun, 
2011). Variations in bioactive compound contents in S. tuberosa fruits 
can be explained by the action of these factors in the fruits. 

3.2.7. Carotenoids 
Carotenoids are natural pigments that contribute to the color of foods 

(Tapiero et al., 2004). They are widely used in the food industry, as 
supplements, dyes, and enhancements. Carotenoids have several posi-
tive functions on the human body, such as pro-vitamin A supply; eye, 
cardiovascular, and bone health; improvement of cognitive perfor-
mance; protection against solar radiation; weight control; improvement 
of immune system; prevention of cancer; and child nutrition (Eggers-
dorfer and Wyss, 2018). 

Carotenoids in umbu pulp vary according to the maturation degree. 
Mature fruits presented higher carotenoid content than immature fruits 
(Melo and Andrade, 2010). Disregarding differences between matura-
tion stages, other works found carotenoid content varying between 
(0.76–3.02 mg/100 g FW) in the fruit (Melo and Andrade, 2010; E. A. de 
Oliveira et al., 2011; Rufino et al., 2010). Umbu fruit extracts exhibited 
higher carotenoid contents than S. dulcis fruits (0.44 mg/100 g FW) and 
lower carotenoid contents than S. lutea (18–23 μg/g FW) and S. purpurea 
(275 μg/g FW) fruits (Bobrich et al., 2014). 

Ribeiro et al. (2019) found lutein, β-cryptoxanthin, α-carotene; 
β-carotene, 13-cis-β-carotene, 9-cis-β-carotene in fresh umbu pulp; 
lutein, zeaxanthin, zeinoxantin, β-cryptoxanthin, α-carotene, β-caro-
tene, 13-cis-β-carotene, 9-cis-β-carotene in the frozen pulp; and lutein, 
zeaxanthin, zeinoxantin, β-cryptoxanthin, α-carotene, β-carotene, 
13-cis-β-carotene, 9-cis-β-carotene in the fruit peel. Assis et al. (2020) 
determined the carotenoid profile of pulp and peel of tropical fruits in 
Brazil and found some carotenoids present in pulps of umbu, including 
umbu-cajá (Spondias bahienses), whose composition presented all--
trans-lutein, all-trans-zeaxanthin, 13-cis-β-cryptoxanthin, all--
trans-α-cryptoxanthin, all-trans-β-cryptoxanthin, all-trans-α-carotene, 
all-trans-β-carotene, 9-cis-β-carotene. Considering these results, the 
highest carotenoid content can be found in mature fruits. 

4. Study limitations 

Although the review protocol included the participation of three 
reviewers and four databases, a potential limitation of this study refers 
to the type of publication carried out in documenting the composition of 
umbu fruits. As it is a regional fruit, whose use is mainly concentrated in 

N.L. Rodrigues et al.                                                                                                                                                                                                                           



Journal of Food Composition and Analysis 130 (2024) 106196

8

endemic growth areas, the scientific literature on umbu is scarce, and 
there is also the absence of a full systematic review protocol with a risk 
of bias assessment for better evaluation of studies’ overall quality. 

5. Conclusion 

This review discussed the nutritional profile and potential of whole 
umbu fruit, and its pulp, peel, and seeds. Twenty-four articles were used 
for the analysis. Fruit parts that are not traditionally eaten, such as peel 
and seeds, mainly seeds, were highlighted regarding their protein, lipid, 
fatty acid, and mineral contents. The umbu seed fatty acid profile 
showed potential for extraction of edible oil, which requires further 
studies. The peels showed higher phenolic compound content than the 
pulp. 

The results of this review indicate the promising nature of umbu 
fruits, suggesting their inclusion in healthy diets. Additionally, consid-
ering the potential health benefits, the utilization of peel and seeds as 
alternatives in the development of food products is recommended. It is 
noteworthy that the population residing in the endemic areas of these 
trees is economically disadvantaged, necessitating conservation efforts 
and the provision of native, culturally recognized, and nutrient-rich 
foods over the past few decades, either through governmental or other 
initiatives. 
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Almeida Akutsu: Writing – review & editing, Writing – original draft, 
Visualization, Validation, Supervision, Software, Resources, Project 
administration, Methodology, Investigation, Funding acquisition, 
Formal analysis, Data curation, Conceptualization. Valéria Silva de 
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de Magalhães Cordeiro, Â.M.T., Magnani, M., Borges, G. da S.C., 2017. 
Bioaccessibility and antioxidant activity of phenolic compounds in frozen pulps of 
Brazilian exotic fruits exposed to simulated gastrointestinal conditions. Food Res. 
Int. 100, 650–657. https://doi.org/10.1016/j.foodres.2017.07.047. 

Eggersdorfer, M., Wyss, A., 2018. Carotenoids in human nutrition and health. Arch. 
Biochem. Biophys. 652, 18–26. https://doi.org/10.1016/j.abb.2018.06.001. 

Fidelis, M., de, Moura, C., Kabbas Junior, T., Pap, N., Mattila, P., Mäkinen, S., Putnik, P., 
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Ötles, S., Ozgoz, S., 2014. Health effects of dietary fiber. Acta Sci. Pol., Technol. Aliment. 
13 (2), 191–202. https://doi.org/10.17306/J.AFS.2014.2.8. 

Prasanna, V., Prabha, T.N., Tharanathan, R.N., 2007. Fruit ripening phenomena–an 
overview. Crit. Rev. Food Sci. Nutr. 47 (1), 1–19. https://doi.org/10.1080/ 
10408390600976841. 

Rezende, L.C. de, Santos, P. de A., Riatto, V.B., David, J.M., David, J.P., 2018. New alkyl 
phenols and fatty acid profile from oils of pulped Spondias mombin l. Seed wastes. 
Química Nova 41, 540–543. https://doi.org/10.21577/0100-4042.20170203. 

Ribeiro, L. de O., Viana, E. de S., Godoy, R.L. de O., Freitas, S.C. de, Freitas, S.P., 
Matta, V.M. da, 2019. Nutrients and bioactive compounds of pulp, peel and seed 
from umbu fruit. Ciência Rural 49, e20180806. https://doi.org/10.1590/0103- 
8478cr20180806. 

Del Rio, D., Rodriguez-Mateos, A., Spencer, J.P.E., Tognolini, M., Borges, G., Crozier, A., 
2013. Dietary (Poly)phenolics in human health: Structures, bioavailability, and 
evidence of protective effects against chronic diseases. Antioxid. Redox Signal. 18 
(14), 1818–1892. https://doi.org/10.1089/ars.2012.4581. 

Robards, K., Prenzler, P.D., Tucker, G., Swatsitang, P., Glover, W., 1999. Phenolic 
compounds and their role in oxidative processes in fruits. Food Chem. 66 (4), 
401–436. https://doi.org/10.1016/S0308-8146(99)00093-X. 

Rufino, M.S.M., Alves, R.E., de Brito, E.S., Pérez-Jiménez, J., Saura-Calixto, F., Mancini- 
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2017. Antioxidant Capacity In Vitro and In Vivo of Various Ecotypes of Mexican 

Plum (Spondias purpurea L.). J. Food Sci. 82 (11), 2576–2582. https://doi.org/ 
10.1111/1750-3841.13862. 
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