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Abstract 
 

Fruit waste is rich in phenolic compounds, including flavonoids with pharmacological potential for health, nutraceutical and technological 

properties. To characterize them, High Performance Liquid Chromatography-Mass Spectrometry (HPLC-MS) was used, used for its high 

separation efficiency by HPLC and structural information from MS, a technique that allows analyzing a wide range of analytes in plant 

matrices. This study aims was to perform a systematic analysis based in SCOPUS of scientific productions of studies on techniques for 

detection and identification of flavonoids by HPLC-MS in fruit waste available in Latin America, between the years 2010-2022. Thus, the 

countries with the highest scientific production are Brazil (58.9%), Mexico (16.1%), Chile (9.2%), Argentina (7.1%) and Colombia (3.8%). 

There were also studies in collaboration with researchers from the USA and Europe. A total of 15.1% of the studies used HPLC-MS for 

determining these compounds, generally related to by-products of native or non-traditional fruits. It is known that agro-industrial waste 

matrices are chemically complex, being necessary analytical techniques such as HPLC-MS, which awakens interest for their study and the 

possibility of being isolated from vegetable by-products such as fruits. This is a green technology alternative to achieve sustainable use of 

this waste and be exploited by the food industry.  
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1. Introduction 
 

Flavonoids are found in natural products such as 

fruits and vegetables and constitute one of the 

largest groups of polyphenolic compounds; they 

exhibit a wide variety of biological activity and 

medicinal properties (Barfi et al., 2013; Zheng et al., 

2021). Due to the interest, they arouse in human 

health, the development of analytical methods to 

detect and measure flavonoid content in various 

matrices is necessary (Majidi & Hadjmohammadi, 

2021; Tashakkori et al., 2021), being found in high 

proportions in peels and seeds (Albuquerque et al., 

2016; Derakhshan et al., 2018; Fu et al., 2018; 

Guerrero-Castillo et al., 2019). Some beneficial 

properties include anticancer (Kim et al., 2010; Masci 

et al., 2016), anti-inflammatory (da Silva Sauthier et 

al., 2019; Dong et al., 2019; Fidelis et al., 2020; Tang 

et al., 2021), antimicrobial (Al-Zoreky, 2009; Asif et 

al., 2016; Gosset-Erard et al., 2021; Saleem&Saeed, 

2020; Warnasih et al., 2020), and antioxidant activity 

(Russo et al., 2016; Warnasih et al., 2020), with 

health benefit (Saffarzadeh-Matin & Masoudi-

Khosrowshahi, 2018). 

Phenolic compounds are divided into 6 subclasses: 

flavonols, flavones, flavanones, isoflavones, 

flavanols, and anthocyanins. All have a similar 

structure (Figure 1): they consist of 2 aromatic rings, 

A and B, linked to 3C atoms to give an oxygenated 

heterocycle as the C ring (Alara et al., 2021). 
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Figure 1.  Basic flavonoid structure and 6 subclasses: flavonols, flavones, flavanones, isoflavones, flavanols, and anthocyanins whit similar 

structure. Adapted from Singh et al. (2011). 

 

 

There is a growing interest in the extraction of 

phenolic compounds from different plant materials 

and their waste. Thus, the extraction, identification, 

and characterization of novel phenolic compounds 

from different materials of plant origin is a 

challenge due to their diversity and chemical and 

structural complexity (Suleria et al., 2020). 

Among the phenolic compounds, flavonoids are 

the most predominant in almost all plants 

(Sembiring et al., 2018). Studies by Marina & 

Noriham (2014) found higher amounts of flavonoids 

in mango peel compared to tropical fruit peels such 

as papaya and guava. Ayala-Zavala et al. (2011) 

conducted a review highlighting the by-products of 

exotic fruit processing that are rich in bioactive 

compounds which include the importance of 

extraction techniques. Alara et al. (2021) reported 

that the amount depends on the extraction 

technique, considering its composition, polarity, 

particle size, and sample-solvent ratio. It is 

important to take into account the pH, pressure, 

and temperature for the release and stability of the 

compounds to be extracted (Gil-Martín et al., 2022). 

Thus, the objective of this review was to make a 

systematic analysis in SCOPUS of scientific 

productions of studies on techniques for the 

detection and identification of flavonoids by HPLC-

MS in fruit waste in Latin America. In addition, to 

make a review based on the methods of 

determination of flavonoids in Latin American fruits, 

2 analyses were performed: one based on the 

presence of flavonoids in by-products where the 

pre-treatments included in the analytical method as 

well as the extraction and detection method is 

observed, and the second one only based on the 

method that uses the application of high-

performance liquid chromatography (HPLC) with 

mass spectrometry (MS) detector for determination 

of flavonoids. 

 
2. Techniques for the detection and identification 

of flavonoids in fruit waste  
 

2.1. Different detection techniques  
 

Little literature has been found on the use of 

advanced techniques applied in the identification 

and quantification of flavonoids in fruit waste. 

Scientific reviews report techniques for flavonoid 

analysis from two decades ago, such as paper 

chromatography and thin-layer chromatography, 

which were used in the analysis of plant extracts 

(Bloor, 2001; Colombo et al., 2006). 

Studies have introduced the technique of high-

performance liquid chromatography (HPLC) in 

plant matrices since 1978, according to the SCOPUS 

database, which improves quantification with 

precision and better resolution (Yoichi et al., 2006). 

There are also different works quantifying phenolic 

compounds in plant matrices and their waste, using 

conventional techniques based on HPLC with an 

Ultraviolet (UV) detector (Colombo et al., 2006; Da 

Silva et al., 2014).  
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HPLC can also be coupled to a diode-array detector 

(DAD), resulting in a useful tool to quantify specific 

polyphenols, because this technique, through its 

mobile phase, allows an efficient separation of 

compounds. The compounds are identified by 

comparison with the retention time (RT), so it is 

being widely used by researchers (Barbosa et al., 

2018; Ribeiro et al., 2015). 

High-performance liquid chromatography (HPLC), 

together with electrospray ionization (ESI) and mass 

spectrometry (MS), is a highly sensitive analytical 

tool and is the most efficient method for the 

characterization of both low and high molecular 

weight molecules, including phenolic and non-

phenolic compounds (Suleria et al., 2020). It is a fast 

and efficient analytical method for the 

determination of flavonoids (da Silva Sauthier et al., 

2019; Leporini et al., 2020). 
 

2.2. Data collection 

For this study, data were collected from March 2022 

to January 2023, in the SCOPUS database. The 

search used the Boolean operators AND, OR with 

search criteria: ARTICLE TITLE, ABSTRACT, 

KEYWORDS: "fruit waste" OR "flavonoid" OR 

"anthocyanidins" OR "anthoxanthins" OR 

"flavanones" OR "flavanonols" OR "flavans" OR 

"Isoflavonoids" OR "flavonoids" AND ARTICLE 

TITLE, ABSTRACT, KEYWORDS: "HPLC-MS" OR 

"HPLC". Furthermore, it was delimited based on the 

countries of origin, study areas and by searching for 

original articles, the search period from 2010 to 

2022 was considered. Data analysis was performed 

using VOSViewer software (version 1.6.18). 
 

2.3. Data Analysis 

This study was limited by keywords and Latin 

American country analysis for bibliometric 

mapping, and clustering and visualization for 

network analysis. To perform the systematic 

analysis, the strength of association was used as a 

measurement of similarity in a matrix that is created 

by normalizing the co-occurrence matrix. 

VOSViewer was used to perform data mining, 

mapping, and clustering of the retrieved articles. 

Keywords and countries were labeled with colored 

circles. The size of the circles was positively 

correlated with the occurrence of the keyword or 

countries in the title and abstract. Therefore, the 

label and circle size of an article was determined by 

its weight. The larger the weight of an element, the 

larger its label and circle. The manuscript describes 

and visualizes datasets from the bibliometric review 

in the R statistical software, focusing on descriptive 

statistics and visualizations. 

3. Results 
 

It was possible to systemize 1071 documents, where 

it can be observed that, for South America, most of 

the works were about research on fruit waste 

focusing on the detection of flavonoids (one or 

more). These are grouped into 5 countries with the 

highest scientific production Brazil (58.9%), Mexico 

(16.1%), Chile (9.2%), Argentina (7.1%) and 

Colombia (3.8%) and with the lower production we 

have 4.9% that correspond to Ecuador, Peru and 

others such as Uruguay, Venezuela, Paraguay and 

Bolivia (Figure 2a). Many of these works were 

carried out in collaboration with the USA or Europe. 

In this case, Spain is the main country 

accompanying this type of research with Latin 

American countries (Figure 2b). 

In Figure 2a, the information was filtered only from 

original publications and the areas of greatest study 

correspond to Agricultural and Biological Sciences 

with 38.3%, followed by Chemistry and 

Biochemistry with 25.4% and 20% respectively. 

In Figure 2b, it is possible to observe 6 clusters 

generated: the blue cluster where Brazil represents 

58.9% of the total number of documents generated 

and its relationship with other countries involves 

mostly North American and European countries 

such as Canada, USA, Belgium, Spain, France, and 

Latin American countries, particularly Mexico. The 

cluster in green is led by Chile and represents 9.2% 

of the total number of documents. This cluster has 

greater Latin American collaboration with countries 

such as Colombia, Argentina, and Paraguay. The 

third cluster in red represents 16.1% of the total 

number of documents, with Mexico as the largest 

producer of information. In this group, Peru 

appears with very low production in topics related 

to the use of fruit by-products to obtain flavonoids. 

The other 3 clusters involve a very low production 

of papers in this area, and it is also necessary to 

note that their level and quality of relations with 

more experienced countries are very low. 

Only 15.1% of the studies evaluated used HPLC-MS 

(Figure 3) for the determination of these 

compounds. Likewise, it was observed that, when 

relating, the keyword HPLC-MS was linked to 

indicators such as quercetin, catechin, gallic acid, 

and anthocyanin, which are the most commonly 

used in this type of research.  

The 40.3% correspond to the HPLC technique and 

44.6% to Thin Layer Chromatography (TLC), paper 

Chromatography (PC), VIS Spectroscopy, Spectro-

photometric fluorescence, Direct UV spectroscopy 

and capillary electrophoresis. 
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Figure 2. Number of scientific publications from 2010 to 2022 in Latin American countries on flavonoids in fruit waste (a). Network for 

keywords for year and countries (b). Information obtained from the database Scopus. 

 

 
Figure 3. Percentage of use HPLC-MS for determination of flavonoids in fruit waste compared to other techniques. 
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4. Use of fruit waste 
 

From the systematic analysis, it was observed that 

waste from different fruits such as mango peels and 

seed kernels, banana seeds, passion fruit, poro-poro, 

cape gooseberries calyx, red-jambo seed and peel, 

lucuma seed, guaba, passion fruit peel and seed, 

papaya and avocado, pineapple and banana peel, 

pomegranate peel, peel of different citrus fruits such 

as grapefruit, lime, orange, among others, as well as 

kiwi peel and bagasse, Brazilian jaboticaba peel, and 

grape pomace, are considered in the fruit processing 

industry as waste that, if not properly used, generate 

environmental contami-nation. Therefore, research 

works have been conducted to add value to them 

through sustainable use. The fruits identified are 

shown in the word cloud in Figure 4. Considering that 

these materials are rich in bioactive compounds, 

several studies show that peels and seeds have a 

higher content of phenolic compounds, highlighting 

flavonoids for their potential benefit to human health. 

Studying fruit waste is important because, as 

manifested by Da Silva Sauthiera et al. (2019), who 

compare flavonoid contents present in pulp and peel 

of 3 mango varieties (E: Espada R: Rosa T: Tommy) 

from Brazil, the flavonoids analyzed in peels 

presented higher content than in mango pulp. 

Similarly, Suleria et al. (2020), in Australia, found a 

higher number of flavonoids in mango peel. 

Regarding the pre-treatments used for subsequent 

extraction, the most used in waste is drying, with 

60%, followed by freeze-drying with 20%. Along 

with this, the most used extraction methods were 

those using methanol in 40% as the liquid phase, 

followed using ethanol in 30%. The most used 

method for flavonoid detection is spectropho-

tometry (UV-VIS) with 42.6%, followed by HPLC-

DAD with 24.8% for detection (Figure 4). 

The extraction of flavonoids (bioactive compounds) 

can be performed from fresh or dried material, 

provided that the drying process does not alter the 

composition (freeze-drying), and fine grinding to 

facilitate the extraction of flavonoid compounds. 

According to their solubility, they can be extracted 

with different organic solvents used in methanolic 

and ethanolic solutions, other subcritical water 

extraction techniques, and pressurized liquid 

extraction. Following Pattnaik et al. (2021), several 

factors can affect the extraction of bioactive 

compounds, such as flavonoids, from plant matrices 

and their waste or by-products, e.g., chemical 

properties, functionality, and end use (Pattnaik et 

al., 2021) are improved by using polar solvents such 

as methanol compared to ethyl acetate (Warnasih 

et al., 2020).  

Flavonoids with a large number of unsubstituted 

hydroxyl groups or sugars are considered polar 

compounds, so they are moderately soluble in 

polar solvents such as ethanol, methanol, butanol, 

acetone, DMSO, and water. On the other hand, less 

polar aglycones such as isoflavones and flavanones 

tend to be more soluble in solvents such as ethers 

and chloroform. 

As shown in the results of Figure 4, in extraction 

techniques, one of the most used solvents in solid-

liquid extraction is methanol, something not used in 

Latin American research in liquid-liquid phase 

extraction, due to the type of waste, which is 

basically fruit peels and skins. This means that the 

treatment method must be precise for each type of 

waste. Normally, after this stage, spectrophoto-

metric or chromatographic techniques are used. 

An important technique for the determination of 

flavonoids is HPLC-MS. The success of this 

technique depends on properly following the 

working methodology. Identification is made using 

the MS detector and quantification using the area 

in the retention time of chromatographic peaks, 

which creates a unique mass spectrum for each 

compound. A total of 15.1% of the studies consulted 

in Latin America uses this method. Identification 

with Mass (MS) allows obtaining the list of peaks in 

mass-to-charge (m/z) ratio values; typical product 

ions are fragmented in the Mass (MS/MS). 

According to the studies shown in Table 1, HPCL-

MS was widely used for the determination of 

individual flavonoid compounds. 

Table 1 shows the HPLC-MS parameters that have 

been used to identify different flavonoids in fruit 

waste. There are few studies in this field in Latin 

America (about 11%), being surpassed by countries 

such as China, India, and the USA. information 

collected from SCOPUS database before limiting 

the search to Latin American countries. 

Latin America is a major exporter of fresh and 

processed fruits, and the disposal of waste (around 

15%) is a great challenge, although it can be a low-

cost renewable resource for the production of 

functional ingredients, natural additives, and 

products for the pharmaceutical industry, giving 

added value and mitigating its environmental 

impact. 

The use of a mass spectrometry detector allows the 

application of stable isotope-labeled standards, 

improving the quantification of flavonoids. 

Generating these analytical procedures designed 

for waste from fruit industries is very important 

since a suitable analytical method (e.g., for 

flavonoids) could be applied to certain types of 

food.
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Figure 4. Word Cloud and Percentage of use of pretreatments, extraction techniques, detection methods, and types of standards used in 

Latin American research from 2010 to 2022. 

 

It should be noted that very little research has been 

done on Latin American fruits, which does not satisfy 

the wide demand for studies in this field, especially if 

the growth of the fruit agro-export sector in Latin 

American countries by 2022, and the amount of 

research on fruit waste (Figure 5) are considered. In 

countries such as Peru and Chile, which have a great 

variety of fruits, their research is very low, and there are 

fruits such as blueberries, cape gooseberries, grapes, 

cherries, and apricots, among others. 
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Table 1 

Application of the high-performance liquid chromatography (HPLC) method with mass spectrometry detector (MS) or MS/MS 
 

Waste fruits Mobile phase (eluent) Stationary phase Elution gradient 

Flow 

rate/sample 

injection volume 

Detection technique 

Reference MS and MS/MS 

analyses 

Mango seed kernel 

Eluent A, water (0.01% v/v formic acid), 

and eluent B, acetonitrile (0.01% v/v 

formic acid) 

C18 column 

1.8 μm, 2.1 × 100 mm 

  

0-7 min 0-30% B; 7-9 min 30-80%; 9-11 

min 80-100% B; 11-13 min 100% B and 13-14 

min 0% B 

0.5 mL/min 

5 μL  

UHPLC-q- TOF-

MS/MS 

ESI (-) 

(Ballesteros-

Vivas et al., 

2019) 

Seeds of banana passion fruit 
Eluent A: water (0.01% formic acid) and 

eluent B: acetonitrile (0.01% formic acid) 

C18 column  

1.8 μm, 2.1 × 100 mm 

0 min, 0% B; 7 min, 30% B; 9 min, 80% B; 11 

min, 100% B; 13 min, 100% B; 14 min,0% B 

0.5 mL/min 

5 μL 

UHPLC-q-TOF-MS/MS 

ESI (-) 

(Ballesteros-

Vivas et al., 

2019) 

Residues of achachairu, araçá-boi, bacaba 

Eluent A (deionized water with 0.1% 

formic acid) and eluent B (acetonitrile 

with 0.1% formic acid) 

Column F5 

 2.7 μm 2.1 x 150 mm  

0-1 min, 15% B; 1-7 min, 25% B; 7-9 min, 

25% B; 9-13 min, 30% B; 13-16, 30% B; 16-

21 min, 40% B; 21-23, 40% B; 23-25, 45% B; 

25-28, 50% B; 28-33, 60% B; 33-37, 75% B; 

37-38, 15% B 

0.2 mL/min 

2 μL 
UHPLC-QqQ-MS/MS 

(Barros et al., 

2017) 

Lucuma seeds 
Eluent A: 1% formic aqueous solution 

and eluent B: acetonitrile 

C18column (Acclaim) 

2.5 μm, 4.6 x 150 mm  

time (min), % B was: (0.00, 5); (5.00, 5); 

(10.00, 30); (15.00, 30); (20.00, 70); (25.00, 

70); (35.00, 5) and 12 min 

1.0 mL/min 

2.0 - 10 μL 
UHPLC/ESI/MS/M 

(Guerrero-

Castillo et al., 

2019) 

Avocado peels and seeds var. Fortuna Methanol 

triangular 

chromatographic 

paper 

  

  

2 µL sample 

volume and 40 

µL of methanol 

  
(da Silva et al., 

2022) 

Peel and pulp mango (Mangifera indica L.) 

Binary 

Eluent A: ultrapure water with 1.0% acetic 

acid (v/v) and eluent B: methanol 

Licrhorspher@” RP 18 

5 μm, 4.6 × 250 mm 

0-10 min, 100% A; 10-20 min, 70% A; 20-30 

min,10% A; 30-37 min, 70% A and 37- 40 

min, 100% A. 

1.0 mL/ min 

20 μL 
 

(da Silva 

Sauthier et al., 

2019) 

Avocado, pineapple, banana, papaya, passion 

fruit (pulp, seed and peels) 

Eluent A (formic acid 0.1%, in Milli-Q 

water) and eluent B (methanol)  

Column C18  

1.7 μm, 2.1 × 50 mm 
95% A and 5% B to 100% B in 8.00min 0.20 mL/ min UPLC-ESI (-)-MS 

(Morais et al., 

2015) 

Orange peels of different citrus varieties:  

bahia, lima, lima-of-persian, morcote, ponkan, 

pera, seleta, cravo, kinkan and pomelo 

Eluent A:5% (v/v) of formic acid, and 

eluent B: methanol 

Reverse phase 

column (Lichrochart 

100 RP-18)  

5μm, 0.4 x 12.5 cm 

0 min 30%B, 20min 80%B 22-25min 30%B 1 mL/min  (Pereira et al., 

2017) 

Grape pomace 

Eluent A: 2% (v/v) acetic acid in water 

and eluent B 0.5% acetic acid in water 

and acetonitrile (50:50, v/v)  

Column C18 

5 μm, 4.6 × 150 mm 

10 to 24% B (20 min), from 24 to 30% B (20 

min), from 30 to 55% B (20 min), from 55 

to 100% B (15 min), 100% B isocratic (8 min), 

from 100 to 10% B (2 min) 

0.7 mL/min 

10 μL 
HPLC-DAD 

(Ribeiro et al., 

2015) 

Citrus by-products 
Eluent A: H2O (0.1% of formic acid) and 

eluent B: Methanol (0.1% of formic acid) 

Column C18  

3 μm, 4.6 x 150 mm 

90% A (0-5 min), 20% A (5-80 min), 90% A 

(80-85 min), and 90% A 

  

0.6 mL/min  HPLC-DAD  

(Barbosa et al., 

2018) 

  

Peel and kernel of mango  
Eluent A: Formic acid-water (0.1% v/v) 

and eluent B: acetonitrile 

Column C18 4.6 x 150 

mm, 5 μm 

15% B (0 min), 25% B (0 -5.5 min), 35% B 

(5.5-11 min), 60% B (11-31 min), 15% B (31-

31.01 min), 15% B (31.01-35 min) 

0.5 mL/min 

 10 μL 
LC-MS 

(León-Roque et 

al., 2023) 
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Figure 5. Fruit export volumes from Latin American countries vs. scientific production on the determination of flavonoids in fruit waste. 

 
Most of the studies used by-products of traditional 

fruits such as mango, grapes, and apples, among 

others, and few of these studies used native or non-

traditional fruits. This is basically due to the lack of 

commercial interest and the fact that many raw 

materials are seasonal (once or twice a year), but, 

currently, more exotic fruits are being valued for 

their potential and it is expected that this will attract 

the attention of economic groups that promote 

research. It is important to start working on 

methods for this waste, since revaluing them based 

on their flavonoid-rich composition means having 

clear techniques and procedures, such as HPLC-

MS, for their adequate analysis and the subsequent 

development of products that may generate 

greater income for Latin American countries. 

 

5. Conclusions and future studies  
 

Studies on flavonoid compounds have aroused 

interest due to their pharmacological potential for 

human health and the possibility of being isolated 

from plant by-products such as fruits that are used 

by agro-industrial companies. In this sense, this 

review compiled studies carried out in Latin 

American countries using fruit waste and identifying 

flavonoids by HPLC-MS techniques, taking into 

account the pretreatments, the extraction 

technique, and important parameters in the 

quantification of this compound. Studies on fruit 

waste in Latin America are increasing, but not at the 

same rhythm in all fruit exporting countries, so 

many flavonoids with technological and bioactive 

potential are not being adequately identified. It is 

also very important to determine the optimal 

methods of extraction and identification of these 

metabolites, looking for the best yield and the 

generation of methods that can obtain high-quality 

and economically viable compounds. 

 
Acknowledgments 
 

The authors acknowledge the financial support of the Project 

CONCYTEC -World Bank “Mass Spectrometry for the Identification 

and Quantification of Secondary Metabolites in vegetables”, 

through its executing unit Fondecyt [contract number 009-2018-

FONDECYT/BM-Mejoramiento de la infraestructura para la 

investigación (equipamiento)]. 

 
ORCID 
 

N. León-Roque  https://orcid.org/0000-0001-5001-1558 

B. M. Romero Guzmán  https://orcid.org/0000-0002-9065-0810 

J. Oblitas  https://orcid.org/0000-0001-7652-6672 

D. W. Hidalgo-Chávez  https://orcid.org/0000-0003-4319-1962  

 

References 
 

Alara, O. R., Abdurahman, N. H., & Ukaegbu, C. I. (2021). Extraction 

of phenolic compounds: A review. Current Research in Food 

Science, 4, 200–214. https://doi.org/10.1016/j.crfs.2021.03.011 

Albuquerque, T. G., Santos, F., Sanches-Silva, A., Beatriz Oliveira, 

M., Bento, A. C., & Costa, H. S. (2016). Nutritional and 

phytochemical composition of Annona cherimola Mill. fruits 

and by-products: Potential health benefits. Food Chemistry, 

193, 187–195. https://doi.org/10.1016/j.foodchem.2014.06.044 

https://orcid.org/0000-0001-5001-1558
https://orcid.org/0000-0002-9065-0810
https://orcid.org/0000-0001-7652-6672
https://orcid.org/0000-0003-4319-1962
https://orcid.org/0000-0001-5001-1558
https://orcid.org/0000-0002-9065-0810
https://orcid.org/0000-0001-7652-6672
https://orcid.org/0000-0003-4319-1962


Scientia Agropecuaria 14(1): 153-162 (2023)                      León-Roque et al. 

-161- 

 

Al-Zoreky, N. S. (2009). Antimicrobial activity of pomegranate 

(Punica granatum L.) fruit peels. International Journal of Food 

Microbiology, 134(3), 244–248. 

https://doi.org/10.1016/j.ijfoodmicro.2009.07.002 

Asif, A., Farooq, U., Akram, K., Hayat, Z., Shafi, A., Sarfraz, F., Sidhu, 

M. A. I., Rehman, H. U., & Aftab, S. (2016). Therapeutic 

potentials of bioactive compounds from mango fruit wastes. 

Trends in Food Science and Technology, 53, 102–112. 

https://doi.org/10.1016/j.tifs.2016.05.004 

Ayala-Zavala, J. F., Vega-Vega, V., Rosas-Domínguez, C., Palafox-

Carlos, H., Villa-Rodriguez, J. A., Siddiqui, M. W., Dávila-Aviña, 

J. E., & González-Aguilar, G. A. (2011). Agro-industrial 

potential of exotic fruit byproducts as a source of food 

additives. Food Research International, 44(7), 1866–1874. 

https://doi.org/10.1016/j.foodres.2011.02.021 

Ballesteros-Vivas, D., Álvarez-Rivera, G., del Pilar Sánchez-

Camargo, A., Ibáñez, E., Parada-Alfonso, F., & Cifuentes, A. 

(2019). A multi-analytical platform based on pressurized-

liquid extraction, in vitro assays and liquid chromatography / 

gas chromatography coupled to high resolution mass 

spectrometry for food by-products valorisation. Part 1: 

Withanolides-rich fractions from golde. Journal of 

Chromatography A, 1584, 155–164. 

https://doi.org/10.1016/j.chroma.2018.11.055 

Ballesteros-Vivas, D., Alvarez-Rivera, G., Ibánez, E., Parada-

Alfonso, F., & Cifuentes, A. (2019). Integrated strategy for the 

extraction and profiling of bioactive metabolites from 

Passiflora mollissima seeds combining pressurized-liquid 

extraction and gas/liquid chromatography–high resolution 

mass spectrometry. Journal of Chromatography A, 1595, 144–

157. https://doi.org/10.1016/j.chroma.2019.02.031 

Ballesteros-Vivas, D., Álvarez-Rivera, G., Morantes, S. J., Sánchez-

Camargo, A. del P., Ibáñez, E., Parada-Alfonso, F., & 

Cifuentes, A. (2019). An integrated approach for the 

valorization of mango seed kernel: Efficient extraction solvent 

selection, phytochemical profiling and antiproliferative activity 

assessment. Food Research International, 126. 

https://doi.org/10.1016/j.foodres.2019.108616 

Barbosa, P. de P. M., Ruviaro, A. R., & Macedo, G. A. (2018). 

Comparison of different Brazilian citrus by-products as source 

of natural antioxidants. Food Science and Biotechnology, 27(5), 

1301–1309. https://doi.org/10.1007/s10068-018-0383-4 

Barfi, B., Asghari, A., Rajabi, M., Barfi, A., &Saeidi, I. (2013). 

Simplified miniaturized ultrasound-assisted matrix solid phase 

dispersion extraction and high performance liquid 

chromatographic determination of seven flavonoids in citrus 

fruit juice and human fluid samples: Hesperetin and 

naringenin as biomarkers. Journal of Chromatography A, 1311, 

30–40. https://doi.org/10.1016/j.chroma.2013.08.078 

Barros, R. G. C., Andrade, J. K. S., Denadai, M., Nunes, M. L., & 

Narain, N. (2017). Evaluation of bioactive compounds 

potential and antioxidant activity in some Brazilian exotic fruit 

residues. Food Research International, 102, 84–92. 

https://doi.org/10.1016/j.foodres.2017.09.082 

Batista, Â. G., da Silva, J. K., BetimCazarin, C. B., Biasoto, A. C. T., 

Sawaya, A. C. H. F., Prado, M. A., & Maróstica Júnior, M. R. 

(2017). Red-jambo (Syzygiummalaccense): Bioactive 

compounds in fruits and leaves. LWT - Food Science and 

Technology, 76, 284–291. 

https://doi.org/10.1016/j.lwt.2016.05.013 

Bloor, S. (2001). Overview of methods for analysis and identification 

of flavonoids. Methods in enzymology, 335, 3–14. 

https://doi.org/10.1016/S0076-6879(01)35227-8. 

Colombo, R., Lanças, F. M., Yariwake, J. H. (2006). Determination 

of flavonoids in cultivated sugarcane leaves, bagasse, juice 

and in transgenic sugarcane by liquid chromatography-UV 

detection. J Chromatogr A, 1103(1), 118-24. 

https://doi.org/10.1016/j.chroma.2005.11.007. 

da Silva, A. P. G., Spricigo, P. C., Purgatto, E., de Alencar, S. M., 

Sartori, S. F., & Jacomino, A. P. (2019). Chemical composition, 

nutritional value and bioactive compounds in six uvaia 

accessions. Food Chemistry, 294, 547–556. 

https://doi.org/10.1016/j.foodchem.2019.04.121 

Da Silva, G. G., Pimenta, L. P. S., Melo, J. O. F., Mendonça, H. de O. 

P., Augusti, R., & Takahashi, J. A. (2022). Phytochemicals of 

Avocado Residues as Potential Acetylcholinesterase 

Inhibitors, Antioxidants, and Neuroprotective Agents. 

Molecules, 27(6). https://doi.org/10.3390/molecules27061892 

Da Silva, J. K., Batista, Â. G., Cazarin, C. B. B., Dionísio, A. P., de 

Brito, E. S., Marques, A. T. B., & Maróstica Junior, M. R. (2017). 

Functional tea from a Brazilian berry: Overview of the 

bioactives compounds. LWT - Food Science and Technology, 

76, 292–298. https://doi.org/10.1016/j.lwt.2016.06.016 

Da Silva, L. M. R., de Figueiredo, E. A. T., Ricardo, N. M. P. S., Vieira, 

I. G. P., de Figueiredo, R. W., Brasil, I. M., & Gomes, C. L. (2014). 

Quantification of bioactive compounds in pulps and by-

products of tropical fruits from Brazil. Food Chemistry, 143, 

398–404. https://doi.org/10.1016/j.foodchem.2013.08.001 

Da Silva Sauthier, M. C., da Silva, E. G. P., da Silva Santos, B. R., 

Silva, E. F. R., da Cruz Caldas, J., Cavalcante Minho, L. A., dos 

Santos, A. M. P., & dos Santos, W. N. L. (2019). Screening of 

Mangifera indica L. functional content using PCA and neural 

networks (ANN). Food Chemistry, 273, 115–123. 

https://doi.org/10.1016/j.foodchem.2018.01.129 

Derakhshan, Z., Ferrante, M., Tadi, M., Ansari, F., Heydari, A., 

Hosseini, M. S., Conti, G. O., & Sadrabad, E. K. (2018). 

Antioxidant activity and total phenolic content of ethanolic 

extract of pomegranate peels, juice and seeds. Food and 

Chemical Toxicology, 114, 108–111. 

https://doi.org/10.1016/j.fct.2018.02.023 

Dong, X., Huang, Y., Wang, Y., & He, X. (2019). Anti-inflammatory 

and antioxidant jasmonates and flavonoids from lychee 

seeds. Journal of Functional Foods, 54, 74–80. 

https://doi.org/10.1016/j.jff.2018.12.040 

Fidelis, M., do Carmo, M. A. V., da Cruz, T. M., Azevedo, L., Myoda, 

T., Miranda Furtado, M., Boscacci Marques, M., Sant’Ana, A. 

S., Inês Genovese, M., Young Oh, W., Wen, M., Shahidi, F., 

Zhang, L., Franchin, M., de Alencar, S. M., LuizRosalen, P., & 

Granato, D. (2020). Camu-camu seed (Myrciaria dubia) – 

From side stream to an antioxidant, antihyperglycemic, 

antiproliferative, antimicrobial, antihemolytic, anti-

inflammatory, and antihypertensive ingredient. Food 

Chemistry, 310, 125909. 

https://doi.org/10.1016/j.foodchem.2019.125909 

Fu, X., Cheng, S., Liao, Y., Huang, B., Du, B., Zeng, W., Jiang, Y., 

Duan, X., & Yang, Z. (2018). Comparative analysis of pigments 

in red and yellow banana fruit. Food Chemistry, 239, 1009–

1018. https://doi.org/10.1016/j.foodchem.2017.07.046 

Gil-Martín, E., Forbes-Hernández, T., Romero, A., Cianciosi, D., 

Giampieri, F., & Battino, M. (2022). Influence of the extraction 

method on the recovery of bioactive phenolic compounds 

from food industry by-products. Food Chemistry, 378, 131918. 

https://doi.org/10.1016/j.foodchem.2021.131918 

Gonçalves Rodrigues, L. G., Mazzutti, S., Vitali, L., Micke, G. A., & 

Ferreira, S. R. S. (2019). Recovery of bioactive phenolic 

compounds from papaya seeds agroindustrial residue using 

subcritical water extraction. Biocatalysis and Agricultural 

Biotechnology, 22, 101367. 

https://doi.org/10.1016/j.bcab.2019.101367 

Gosset-Erard, C., Zhao, M., Lordel-Madeleine, S., & Ennahar, S. 

(2021). Identification of punicalagin as the bioactive 

compound behind the antimicrobial activity of pomegranate 

(Punica granatum L.) peels. Food Chemistry, 352, 129396. 

https://doi.org/10.1016/j.foodchem.2021.129396 

Guerrero-Castillo, P., Reyes, S., Robles, J., Simirgiotis, M. J., 

Sepulveda, B., Fernandez-Burgos, R., & Areche, C. (2019b). 

Biological activity and chemical characterization of Pouteria 

lucuma seeds: A possible use of an agricultural waste. Waste 

Management, 88, 319–327. 

https://doi.org/10.1016/j.wasman.2019.03.055 



Scientia Agropecuaria 14(1): 153-162 (2023)                      León-Roque et al. 

-162- 

 

Kim, H., Moon, J. Y., Kim, H., Lee, D. S., Cho, M., Choi, H. K., Kim, 

Y. S., Mosaddik, A., & Cho, S. K. (2010). Antioxidant and 

antiproliferative activities of mango (Mangifera indica L.) flesh 

and peel. Food Chemistry, 121(2), 429–436. 

https://doi.org/10.1016/j.foodchem.2009.12.060 

León-Roque, N., Romero, G.B.M., Oblitas-Cruz, J. F., & Hidalgo-

Chávez, D. W., (2023). Optimization of total polyphenol 

extraction and flavonoid screening by mass spectrometry in 

mango (Mangifera indica L.) waste from Peru. Food Science 

and Technology, 43, e105322, 1-9. 

https://doi.org/10.1590/fst.105322  

Leporini, M., Tundis, R., Sicari, V., Pellicanò, T. M., Dugay, A., 

Deguin, B., & Loizzo, M. R. (2020). Impact of extraction 

processes on phytochemicals content and biological activity 

of Citrus × clementina Hort. Ex Tan. leaves: New opportunity 

for under-utilized food by-products. Food Research 

International, 127, 108742. 

https://doi.org/10.1016/j.foodres.2019.108742 

Majidi, S. M., & Hadjmohammadi, M. R. (2021). Development of 

magnetic dispersive micro-solid phase extraction based on 

magnetic agarose nanoparticles and deep eutectic solvents 

for the isolation and pre-concentration of three flavonoids in 

edible natural samples. Talanta, 222(August 2020), 121649. 

https://doi.org/10.1016/j.talanta.2020.121649 

Marina, Z., & Noriham, A. (2014). Quantification of total phenolic 

compound and in vitro antioxidant potential of fruit peel 

extracts. International Food Research Journal, 21(5), 1925–

1929. 

Masci, A., Coccia, A., Lendaro, E., Mosca, L., Paolicelli, P., & Cesa, 

S. (2016). Evaluation of different extraction methods from 

pomegranate whole fruit or peels and the antioxidant and 

antiproliferative activity of the polyphenolic fraction. Food 

Chemistry, 202, 59–69. 

https://doi.org/10.1016/j.foodchem.2016.01.106 

Morais, D. R., Rotta, E. M., Sargi, S. C., Schmidt, E. M., Bonafe, E. 

G., Eberlin, M. N., Sawaya, A. C. H. F., & Visentainer, J. v. 

(2015). Antioxidant activity, phenolics and UPLC-ESI(-)-MS of 

extracts from different tropical fruits parts and processed 

peels. Food Research International, 77, 392–399. 

https://doi.org/10.1016/j.foodres.2015.08.036 

More, P. R., & Arya, S. S. (2019). A novel, green cloud point 

extraction and separation of phenols and flavonoids from 

pomegranate peel: An optimization study using RCCD. 

Journal of Environmental Chemical Engineering, 7(5), 103306. 

https://doi.org/10.1016/j.jece.2019.103306 

Pande, G., & Akoh, C. C. (2010). Organic acids, antioxidant capa-

city, phenolic content and lipid characterisation of Georgia-

grown underutilized fruit crops. Food Chemistry, 120(4), 1067–

1075. https://doi.org/10.1016/j.foodchem.2009.11.054 

Pattnaik, M., Pandey, P., Martin, G. J. O., Mishra, H. N., & 

Ashokkumar, M. (2021). Innovative technologies for extraction 

and microencapsulation of bioactives from plant-based food 

waste and their applications in functional food development. 

Foods, 10(2), 1–30. https://doi.org/10.3390/foods10020279 

Pereira, R. M. S., López, B. G.-C., Diniz, S. N., Antunes, A. A., 

Moreno Garcia, D., Rocha Oliveira, C., & Marcucci, M. C. 

(2017). Quantification of flavonoids in Brazilian orange peels 

and industrial orange juice processing wastes. Agricultural 

Sciences, 08(07), 631–644. 

https://doi.org/10.4236/as.2017.87048 

Ramful, D., Bahorun, T., Bourdon, E., Tarnus, E., & Aruoma, O. I. 

(2010). Bioactive phenolics and antioxidant propensity of 

flavedo extracts of Mauritian citrus fruits: Potential 

prophylactic ingredients for functional foods application. 

Toxicology, 278(1), 75–87. 

https://doi.org/10.1016/j.tox.2010.01.012 

Ribeiro, L. F., Ribani, R. H., Francisco, T. M. G., Soares, A. A., 

Pontarolo, R., & Haminiuk, C. W. I. (2015). Profile of bioactive 

compounds from grape pomace (Vitis vinifera and Vitis 

labrusca) by spectrophotometric, chromatographic and 

spectral analyses. Journal of Chromatography B: Analytical 

Technologies in the Biomedical and Life Sciences, 1007, 72–80. 

https://doi.org/10.1016/j.jchromb.2015.11.005 

Russo, M., Arigò, A., Calabrò, M. L., Farnetti, S., Mondello, L., & 

Dugo, P. (2016). Bergamot (Citrus bergamia Risso) as a source 

of nutraceuticals: Limonoids and flavonoids. Journal of 

Functional Foods, 20, 10–19. 

https://doi.org/10.1016/j.jff.2015.10.005 

Saffarzadeh-Matin, S., & Masoudi-Khosrowshahi, F. (2018). 

Simultaneous separation and concentration of polyphenols 

from pomegranate industrial waste by multistage counter-

current system; comparing with ultrafiltration concentration. 

Separation and Purification Technology, 204(January), 261–

275. https://doi.org/10.1016/j.seppur.2018.04.083 

Saleem, M., & Saeed, M. T. (2020). Potential application of waste 

fruit peels (orange, yellow lemon and banana) as wide range 

natural antimicrobial agent. Journal of King Saud University - 

Science, 32(1), 805–810. 

https://doi.org/10.1016/j.jksus.2019.02.013 

Sembiring, E. N., Elya, B., & Sauriasari, R. (2018). Phytochemical 

screening, total flavonoid and total phenolic content and 

antioxidant activity of different parts of Caesalpinia bonduc 

(L.) Roxb. Pharmacognosy Journal, 10(1), 123–127. 

https://doi.org/10.5530/pj.2018.1.22 

Singh, A., Holvoet S., & Mercenier, A. (2011). Dietary polyphenols 

in the prevention and treatment of allergic diseases. Clinical 

& Experimental Allergy, 41, 1346–1359. 

https://doi.org/10.1111/j.1365-2222.2011.03773.x  

Soquetta, M. B., Stefanello, F. S., Huerta, K. D. M., Monteiro, S. S., 

Da Rosa, C. S., & Terra, N. N. (2016). Characterization of 

physiochemical and microbiological properties, and bioactive 

compounds, of flour made from the skin and bagasse of kiwi 

fruit (Actinidia deliciosa). Food Chemistry, 199, 471–478. 

https://doi.org/10.1016/j.foodchem.2015.12.022 

Suleria, H. A. R., Barrow, C. J., & Dunshea, F. R. (2020). Screening 

and characterization of phenolic compounds and their 

antioxidant capacity in different fruit peels. Foods, 9(9). 

https://doi.org/10.3390/foods9091206 

Tang, W., Li, S., Wang, M., & Wang, B. (2021). Ultrasound-assisted 

extraction of four groups of Osmanthus fragrans fruit: 

Optimization, UPLC-Orbitrap-MS/MS characterization and 

anti-inflammatory activity evaluation. Arabian Journal of 

Chemistry, 14(4), 103086. 

https://doi.org/10.1016/j.arabjc.2021.103086 

Tashakkori, P., Tağaç, A. A., & Merdivan, M. (2021). Fabrication of 

montmorillonite/ionic liquid composite coated solid-phase 

microextraction fibers for determination of phenolic 

compounds in fruit juices by gas chromatography and liquid 

chromatography. Journal of Chromatography A, 1635. 

https://doi.org/10.1016/j.chroma.2020.461741 

Warnasih, S., Salam, S., Hasanah, U., Ambarsari, L., & Sugita, P. 

(2020). Total phenolic, flavonoid content and metabolite 

profiling of methanol extract of date (Phoenix dactylifera) 

seeds by LC-QTOF-MS. AIP Conference Proceedings, 2243. 

https://doi.org/10.1063/5.0001436 

Yoichi, N., Koji, S., Hiroyuki, S., Toshinao, I., Masamichi, Y., & 

Hideaki, O. (2006). Flavonoid Composition of Fruit Tissues of 

Citrus Species. Bioscience, Biotechnology, and Biochemistry, 

70(1), 178–192. https://doi.org/10.1271/bbb.70.178 

Zheng, H., Zhen, X. T., Chen, Y., Zhu, S. C., Ye, L. H., Yang, S. W., 

Wang, Q. Y., & Cao, J. (2021). In situ antioxidation-assisted 

matrix solid-phase dispersion microextraction and 

discrimination of chiral flavonoids from citrus fruit via ion 

mobility quadrupole time-of-flight high-resolution mass 

spectrometry. Food Chemistry, 343(October 2020), 128422. 

https://doi.org/10.1016/j.foodchem.2020.128422. 

 


