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ABSTRACT 

There is a demand for feasible methodologies that can increase/ maintain the levels of 

health-promoting phytochemicals in horticultural produce, due to strong evidence that 

these compounds can reduce risk of chronic diseases. Mango (Mangifera indica L.), 

ranks fifth among the most cultivated fruit crops in the world, is naturally rich in 

phytochemicals such as lupeol, mangiferin and phenolic acids (eg. gallic acid, 

chlorogenic acid and vanillic acid). Yet, there is still much scope for up-regulating the 
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levels of these compounds in mango fruit through manipulation of different pre- and 

postharvest practices that affect their biosynthesis and degradation. The process of 

ripening, harvest maturity, physical and chemical elicitor treatments such as low 

temperature stress, methyl jasmonate (MeJA), salicylic acid (SA) and nitric oxide 

(NO) and the availability of enzyme cofactors (Mg
2+

, Mn
2+

 and Fe
2+

) required in 

terpenoid biosynthesis were identified as potential determinants of the concentration of 

health-promoting compounds in mango fruit. The effectiveness of these pre- and 

postharvest approaches in regulating the levels of lupeol, mangiferin and phenolic 

acids in the pulp and peel of mango fruit will be discussed. In general spray 

application of 0.2% FeSO4 30 d before harvest,  harvest at sprung stage,storage of 

mature green fruit at 5 °C for 12 d prior to ripening, fumigation of mature green fruit 

with 10
-5

 M and/or 10
-4

 M MeJA for 24 h or 20 and/or 40 μL L
-1

 NO for 2 h 

upregulate the levels of lupeol, mangiferin and phenolic acids in pulp and peel of ripe 

mango fruit. 

 

KEYWORDS: Mangifera indica L.; health promoting compounds; regulation; pre- 

and postharvest factors 

 

INTRODUCTION 

Mango (Mangifera indica L.) has been among the most favoured fruit in the world 

since ancient history due to its rich flavour and nutritional value. In the recent past, the 

importance of mango fruit as a health promoting commodity has been significantly 

highlighted.
1
 Mango fruit is renowned for its rich content of health-promoting 

compounds which can reduce the risk of several degenerative diseases including 

cardiovascular diseases and different types of cancer. 
2
 Among the major fruit crops 
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cultivated worldwide mango ranks at fifth position in total production (over 42.1 

million Mt including mangosteen and guava) and it is grown over an area of 5.4 

million ha in nearly 100 countries in the world (FAOSTAT, www.fao.org/faostat/en, 

2017). The world mango production is expanding steadily (FAOSTAT, 

www.fao.org/faostat/en, 2017). Thus, value addition to this fruit of choice by 

increasing the concentrations of health-promoting compounds would possibly provide 

a noteworthy contribution to the health prospects of its consumers worldwide. To 

achieve this, a thorough understanding is necessary of the biosynthetic pathways of the 

desired phytochemicals as well as different pre- and postharvest factors that may affect 

the regulation of their levels. 

In the past few decades a considerable amount of literature on bioactive 

compounds present in the pulp, peel and seed of mango fruit and their health benefits 

had been reviewed. 
1-3

 However, none of these details the current/ potential pre- and 

postharvest approaches in regulating the levels of these compounds in this fruit of 

choice. Thus, to the best of our knowledge, this review for the first time deliberates 

various pre- and postharvest approaches in regulating the levels of the health-

promoting bioactive compounds in mango fruit. Further, this review focuses on health 

promoting terpenoid: lupeol and phenolic compounds: mangiferin and phenolic acids, 

their biosynthesis, health benefits; pre- and postharvest factors that could influence 

their concentrations and the present understanding of different methods that can be 

employed to up-regulate/ maintain the concentrations of these compounds in ripe 

mango fruit which is of utmost importance for the health-conscious markets in trend. 

 

MAJOR HEALTH-PROMOTING SECONDARY COMPOUNDS PRESENT IN 

MANGO FRUIT AND THEIR RELATIVE ABUNDANCE IN PULP AND PEEL 
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A number of studies have revealed that virtually every part of mango tree, viz. pulp, 

peel, and seed of mango fruit, extracts from bark, leaves and flowers are a good source 

of beneficial phytochemicals. 
1,

 
4, 5, 6

 However, this review only focuses on the pulp 

and peel of the fruit.  

Lupeol, mangiferin, gallic acid, chlorogenic acid, vanillic acid, caffeic acid, 

ferulic acid, protocatechuic acid, anthocyanins, quercetin and kaempferol, are among 

the secondary metabolites present in mango fruit with significant beneficial bioactive 

properties for humans. 
2, 7, 8, 9

 However, the concentrations of these health-promoting 

compounds present in mango vary in different parts of the fruit such as the pulp and 

the peel. 
2
 For example, the concentration of lupeol in ‗Ataulfo‘ mango was 1-4 times 

more in the peel than pulp, 
10

 whilst it was 1-40 times more in North Indian mangoes 

depending on the cultivar. 
11

 In Australian mango cultivars, the level of lupeol was 

about 4 and 1.4 times more in the peel than pulp in ‗Kensington Pride‘ and ‗R2E2‘ 

respectively. 
9
 Similarly, the the level of mangiferin in the peel was approximately 15 

and 5 times higher than the pulp in ‗Kensington Pride‘ and ‗R2E2‘ respectively, 
9
 

whilst it was significantly higher in the peel than pulp in ‗Ataulfo‘ 
10

 and North Indian 

mango cultivars as well. 
11

 The levels of gallic, chlorogenic, vanillic, ferulic and 

caffeic acids in the peel of ‗Kensington Pride‘ mango were around 20, 2, 10, 6, and 7 

folds higher than pulp respectively, and were 25, 3, 20, 30 and 5 folds higher in 

‗R2E2‘ mango respectively. 
9
 

Overall, the concentrations of major health promoting phytochemicals present 

in the peel of mango fruit are several folds higher than the pulp regardless of the 

variety. Thus, mango peel; a major by-product of mango juice production facilities, 

can also be considered as a good source of bioactive compounds that can be used in 

food, pharmaceutical and nutraceutical industries. 
3, 4
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HEALTH-BENEFITS OF MAJOR SECONDARY PHYTOCHEMICALS 

PRESENT IN MANGO FRUIT 

A number of studies have revealed several health benefits of major phytochemicals 

present in mango fruit (Table 1). 

 

Lupeol  

Lupeol is a naturally occurring pentacyclic triterpine (Fig. 1) that present in various 

plant parts in different concentrations. Mango pulp, grape, hazelnut, olive oil, carrot 

root, cucumber, soybean and cabbage are found to be rich sources of this compound. 
8, 

12, 13
  

 

 

      Fig. 1 The chemical structure of lupeol (Source: https://www.sigmaaldrich.com)  

 

The ability of lupeol to selectively target diseased human cells is well known. 
8
 Lupeol 

is also known for its ability to interact with multiple molecular targets to help control 

carcinogenesis. 
12

 A study on mouse prostrate cells demonstrated that lupeol could 

prevent development of cancer cells and eliminate existing cancer cells through 

induction of apoptosis. 
14

 Similar results were found in the induction of apoptosis in 

human prostate cancer cells. 
14

 Further, its efficacy in controlling colorectal cancer 
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cells, 
15

 bone marrow cancer cells 
14

 and cutaneous melanoma 
13

 have also been 

reported.   

 

Mechanisms of action of lupeol against cancer 

Lupeol has shown its potential in controlling cancer cells via different mechanisms of 

actions (Gallo and Sarachine, 2009). 
12

  Lupeol is considered as a potential anticancer 

agent in tumors due to its ability to inhibit farnesyltransferase enzyme (Sturn et al., 

1996). 
16

 Its ability in inhibiting topoisomerase II enzyme (topo II) was another earliest 

recognized cancer controlling mechanism. Topo II enzyme is responsible for the 

conversion of supercoiled double stranded DNA to relaxed DNA by catalyzing a 

transient break (Moriarity et al., 1998). 
17

 Lupeol was found to be capable of inhibiting 

this conversion in supercoiled plasmid DNA by selectively inhibiting topo II catalytic 

reaction due to its ability to interfere with binding of topo II to DNA (Wada et al., 

2001). 
18

 

  Besides the capability of lupeol to inhibit the lyase activity of DNA 

polymerase β at an IC50 value (concentration that inhibited cell growth by 50%) of 6.4 

µM was identified as another mechanism of action against cancer (Chaturvedula et al., 

2004b). 
19

 

 Lupeol-induced apoptosis of cancer cells has also gained much attention (Gallo 

and Sarachine, 2009). 
12

 Lupeol has demonstrated to cause apoptosis in human 

promyelotic leukemia HL 60 cells (Aratanechemuge et al., 2004), 
20

 human prostate 

cancer cell lines LNCaP and CWR22Rv1 (Saleem et al., 2005a), 
21

 AsPC1 human 

pancreatic adenocarcinoma cells (Saleem et al., 2005b), 
22

 human melanoma cells 

451Lu and WM35 (Saleem et al., 2008), 
23

 human epidermoid carcinoma A431 cells 

(Prasad et al., 2009) 
24

 as well as hepatocellular carcinoma SMMC7721 cell line 
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(Zhang et al. 2009) 
25

 among others. The mode of action of lupeol in inducing 

apoptosis slightly defers with the type of cancer (Gallo and Sarachine, 2009). 
12

 

 

In addition to its cancer preventive potential lupeol has also demonstrated 

cardioprotective effects. It has shown protective effects against in vitro LDL oxidation 

(Andrikopulos et al., 2003), 
26

 cardiac disorder and consequent cardiovascular diseases 

(Saleem et al., 2003) 
27

 and cardiac oxidative injury (Sudharsan et al., 2005). 
28

 

Similar to cancer and cardiovascular disease control, lupeol has exhibited 

several anti-inflammatory mechanisms of action. Reducing neutrophils in the inflamed 

tissues (Fernandez et al., 2001), 
29

 decreasing IL-4 (interleukin 4) production by Th2 

cells (T-helper type 2) (Bani et al., 2006), 
30

 reducing eosinophils infiltration and Th2 

associated cytokines (Il-4, IL-5, IL-3) (Vasconcelos et al., 2008), 
31

 reducing LPS-

induced IL-6 secretion (Ding et al., 2009) 
32

 are among its anti-inflammatory modes of 

action. Moreover,various in vitro and preclinical animal studies suggest that lupeol has 

a potential to act as an, anti-invasive, anti-angiogenic and cholesterol lowering agent. 

Furthermore, it has shown its capability as an anti-arthritic, anti-microbial, anti-

protozoal and anti- diabetic agent. 
33

 

 

Mangiferin  

 Mangiferin (C-2-β-D-glucopyranosyl-1, 3, 6, 7-tetrahydroxyxanthone) classified 

under flavonoid group of polyphenols is a glucosyl xanthone present in mango fruit. 
1
 

It has been found to possess a wide array of pharmacological potentials such as: 

antioxidant, anticancer, antimicrobial, antiatherosclerotic, antiallergenic, anti-

inflammatory and analgestic among many others. 
2
 Many studies have revealed that 
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the majority of the health beneficial properties of mango extract have been ascribed to 

this compound. 
1, 34, 35, 36

  

                                               

 Fig. 2 The chemical structure of mangiferin (Source: https://www.sigmaaldrich.com) 

Mangiferin has iron-complexing abilities and thus can be used to reduce iron-

induced oxidative damage. 
35, 36  

 Furthermore, it has a confirmed ability to reduce the 

progression of degenerative diseases including Parkinson‘s disease, in which oxidative 

stress plays a crucial role. 
37

 Moreover, it has shown its potential to ameliorate the 

oxidative stress found in neurodegenerative disorders due to its ability to pass through 

blood-brain barrier. 
34

 It has been suggested that mangiferin also protects erythrocytes 

and red blood cells from reactive oxygen species production. 
38, 39

 Mangiferin was 

found to significantly reduce plasma total cholesterol, triglycerides and low density 

lipoprotein (LDL) in diabetic rats. 
40

  

Its ability in reducing blood glucose level by inhibiting the glucose absorption 

from the intestine was also reported. 
41, 42

 Besides, mangiferin could inhibit body 

weight gain in experimental rats showing a potential in its usage in designing novel 

food products for special dietary needs for obese people. 
43

 

 

Phenolic acids 

Mango fruit is rich in several phenolic acids which are known for their therapeutic 

potential. 
1, 7

 Gallic acid, chlorogenic acid and vanillic acid are among the major 
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phenolic acids in mango fruit, whilst protocatechuic acid, ferulic and caffeic acids also 

present in lower concentrations in both pulp and peel. 
7, 9

 

Phenolic acids are aromatic secondary plant metabolites which derived from 

two parent structures called hydroxybenzoic acid (Fig. 4) and hydroxycinnamic acid 

(Fig. 5). 
44

 Thus, they are basically divided into two groups, viz. hydroxybenzoic acids 

and cinnamic acids. Gallic acid, protocatechuic acid and vanillic acid are among the 

major hydroxybenzoic acids whilst, caffeic acid and ferulic acid are classified as 

cinnamic acids. Chlorogenic acid which possesses significant health benefits is an 

ester of caffeic acid and quinic acid. 

 

                  Gallic acid 

 

 

 

 

 

Chlorogenic acid       

                                            

 

 

 

Vanillic acid 

                          

 

 

Protocatechuic acid 
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Fig. 3 Phenolic acids present in mango fruit 
7, 9

  

(Source: https://www.sigmaaldrich.com) 

  

                                              

      Fig. 4 Hydroxybenzoic acid                        Fig. 5 Hydroxycinnamic acid 

 

Gallic acid (3, 4, 5-trihydroxybenzoic acid) was identified as one of the major phenolic 

acids present in mango fruit. 
7, 9, 45

 It has a strong antioxidant potential in emulsion or 

lipid systems. 
46, 47

 Gallic acid has demonstrated its potential for inhibiting 

carcinogenesis in several animal models and in in vitro human and animal cancer cell 

lines. 
48

 Ho et al 
49

 suggested that gallic acid can be considered as a potential agent to 

treat gastric cancer, whilst Chen et al 
50

 suggested its potential to be developed into an 

anti-prostate cancer drug. In cell culture studies, gallic acid has shown a similar 

potential in controlling human leukaemia, 
51

 bone cancer, 
52

 breast cancer 
53

 and lung 

 

Ferulic acid 

 

                         

 

 

Caffeic acid 
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cancer. 
54

 In several studies, this compound has been identified as the principle 

constituent in plant extracts that cause growth inhibition and apoptotic death of DU145 

human prostate carcinoma cells. 
50, 55

 Thus, Chen et al 
50

 suggested that gallic acid has 

the potential to be developed into an anti-prostate cancer drug.  Moreover, Inoue et al 

56
 reported that gallic acid was cytotoxic against all cancer cell lines that they 

examined.  

Based on several in vivo and in vitro studies; chlorogenic acid was also found 

to be capable of exhibiting important antioxidant and anti-carcinogenic activities. 
57

 It 

has demonstrated its ability in protecting healthy cells against apoptosis induced by 

oxidative stress by suppressing reactive oxygen species. 
58

 Further, Cho et al 
59

 

reported that chlorogenic acid possesses anti-obesity property and could improve lipid 

metabolism in obese mice. The ability of chlorogenic acid in suppressing asthma, 
60

 

lipopolysaccharide-induced acute lung injury in mice, 
61

 liver inflammation and 

fibrosis, 
62

 diabetes  
63

 and ischemia/reperfusion injury in rat liver 
64

 have also been 

reported.  

Vanillic acid (4-hydroxy-3-methoxy benzoic acid) has also shown several 

beneficial properties. 
65

 Kumar et al 
66

 stated that, this compound was capable of 

managing blood pressure in rats. The protective role of vanillic acid in rats with 

chemically induced cardiovascular dysfunction as a result of free radical scavenging 

and anti-inflammatory properties was also demonstrated. 
67

 Furthermore, vanillic acid 

can be used in combination with cancer chemotherapy. 
68

 

Ferulic acid (4-hydroxy-3-methoxycinnamic acid) is also endowed with many 

physiological functions including antioxidant, antimicrobial, anti-inflammatory, anti-

thrombosis, and anti-cancer activities. It also plays a protective role against coronary 

diseases and lowers cholesterol in animal studies. 
69

 Kanski et al 
70

 reported that 
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ferulic acid could greatly reduce the free radical damage in neuronal cell systems and 

therefore; possesses a significant therapeutic potential against neurodegenerative 

disorders such as Alzheimer disease.  

Caffeic acid (3, 4-dihydroxycinnamic acid) is another phenolic acid known for 

its strong antioxidant potential 
71

 and is also recognized as an effective anti-diabetic 

agent in rats. 
72

 Moreover, caffeic acid has exhibited its ability in protecting pBR322 

plasmid DNA against the mutagenic and toxic effects of UV radiation and hydrogen 

peroxide (H2O2). 
73
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Table 1: The health benefits of major phytochemicals present in mango fruit. 

Phytochemicals Health benefits References 

Lupeol Selectively target diseased human cells 

Anti- carcinogenic 

Control prostate cancer cells 

Control colorectal cancer cells 

Control cutaneous melanoma  

Anti-inflammatory, anti-invasive, anti-angiogenic, anti-arthritic, anti-microbial, 

anti protozoal, anti-diabetic and cholesterol lowering agent 

Saleem, 2009 

Gallo and Sarachine, 2009 

Prasad et al., 2008 

Tarapore et al., 2013 

Syed and Mukhtar, 2011 

Siddique and Saleem, 2011 

 

Mangiferin 

 

Reduce iron-induced oxidative damage 

 

Reduce the progression of Parkinson‘s disease 

Ameliorate oxidative stress found in neurodegenerative disorders 

Protect erythrocites and red blood cells from reactive oxygen species production 

 

Puccio and Koenig, 2002; 

Halliwell and Gutteridge, 1986 

Halliwell, 2006 

Martinez et al., 2001 

Pawlak et al., 1998; Rodriguez et 
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Reduce plasma cholesterol, triglycerides and low density lipoprotein 

Reduce blood glucose level 

 

Inhibit body weight gain 

al., 2006) 

Muruganadan et al., 2005 

Yoshikawa et al., 2001; 

Aderibrigbe et al., 2001 

Yoshimia et al., 2001 

Phenolic acids   

     Gallic acid Strong antioxidant in lipid systems  

 

Anti- carcinogenic 

Control gastric cancer 

Control prostate cancer 

 

Control leukaemia  

Control bone cancer 

Control lung cancer 

Yen et al, 2002; Madsen and 

Bertelsen, 1995 

Verma et al., 2013 

Ho et al., 2013 

Chen et al., 2009; Veluri et al., 

2006 

Reddy et al., 2012 

Liao et al., 2012 

Ji et al., 2009 
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Cytotoxic against several cancer cell lines Inoue et al., 1995 

      

Chlorogenic acid 

 

Anti-carcinogenic, antioxidant  

Protect cells against oxidative stress 

Anti-obesity property  

Suppress asthma 

Reduce lipopolysaccharide induced acute lung injury 

Suppress liver inflammation and fibrosis 

Control diabetes 

Control ischemia/ reperfusion injury   

 

Farah et al., 2008 

Li et al., 2012 

Cho et al., 2010 

Kim et al., 2010 

Zhang et al., 2010 

Shi et al., 2012 

Ong et al., 2013 

Yun et al., 2012 

 

     Vanillic acid Manage blood pressure 

Free radical scavenging and anti-inflammatory 

Anti-carcinogenic 

 

Kumar et al., 2014 

Prince et al., 2011 

Sindhu et al., 2015 

A
cc

ep
te

d 
A

rti
cl

e

This article is protected by copyright. All rights reserved. 



     Ferulic acid Protective against coronary diseases and reduce cholesterol  

Reduce free radical damage and control Alzheimer disease 

Ou and Kwok, 2004 

Kanski et al., 2002 

     

 Caffeic acid 

 

Strong antioxidant 

Anti-diabetic 

Protect pBR322 plasmid DNA against UV and H2O2 

 

Gulcin, 2006 

Jung et al., 2006 

Sevgi et al., 2015 
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FACTORS AFFECTING THE LEVELS OF LUPEOL AND PHENOLIC 

COMPOUNDS IN MANGO FRUIT 

 

The levels of lupeol and phenolic compounds in mango fruit are influenced by a 

number of pre- and postharvest factors (Table 2). 

 

Effect of the genotype 

Mango has a wide range of genetic variation. 
74

 There are hundreds of mango cultivars 

with distinct visual diversity in shape, size and colour and internal differences in 

flavour and the nutrient composition. 
75

 In addition to these differences, a significant 

diversity in the concentrations of bioactive compounds has also been reported in 

mango fruit.  

Srivastava et al 
11

 reported a significant variation in the concentration of lupeol 

in the pulp and peel among four Indian mango cultivars: ‗Bombay Green‘, 

‗Dashehari‘, ‗Langra‘ and ‗Chausa‘. A significantly higher concentration of lupeol 

was found in both the pulp and peel of ‗Dashehari‘ mango fruit followed by ‗Langra‘, 

whilst a significantly lower amount was noted in the fruit of ‗Chausa‘. Similarly, Ruiz-

Montanez et al 
10

 reported that the concentration of lupeol was influenced by the 

cultivar in a study carried out using ‗Ataulfo‘ and native mango fruit. The level of 

lupeol in ripe fruit was higher in both the pulp and peel of ‗R2E2‘ mango fruit than 

‗Kensington Pride‘. 
9
 

The concentration of mangiferin was significantly different in four cultivars of 

Brazilian mangoes; recording 2.9 mg kg
-1

 in ‗Haden‘, 2.2 mg kg
-1

 in ‗Tommy Atkins‘, 

12.4 mg kg
-1

 in ‗Uba‘ on dry weight basis, whilst it was not detected in the fruit of 

cultivar ‗Palmer‘. 
76

 Srivastava et al 
11

 reported that the concentration of mangiferin 
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was the highest in the pulp of ‗Bombay Green‘ mango fruit compared to ‗Dashehari‘, 

‗Langra‘ and ‗Chausa‘, while it was the highest in the peel of ‗Langra‘ fruit compared 

to other three. Similar observations were recorded in the concentrations of flavonol-O-

glycosides in these cultivars, thus providing evidence of the genotypic influence on the 

concentration of secondary metabolites. 
76

 Further, the concentration of mangiferin in 

the peel ranged from 300.0 – 1300 mg kg
-1

 in dry weight basis among ‗Chok Anan‘, 

‗Tommy Atkins‘, ‗Maha Chanock‘ and ‗Kaew‘ mango fruit whilst, significantly lower 

concentrations in ‗Haden‘ and ‗Kent‘. 
77

 The level of mangiferin was more in the ripe 

pulp of ‗Kensington Pride‘ mango fruit compared to ‗R2E2‘, whereas the opposite was 

observed in the ripe peel. 
9
 

A significantly high concentration of total phenolics was noted in the pulp of 

‗Ataulfo‘ mango fruit {166.7 mg gallic acid equivalent (GAE) 100g
-1

}, whilst the 

other four cultivars recorded an average of 31.2 mg GAE 100g
-1

 in fresh weight basis. 

78
 The major phenolic acids identified in ‗Ataulfo‘ mango fruit were chlorogenic acid, 

gallic acid, vanillic acid in the order of relative abundance, 
7
 whereas, gallic acid was 

the major phenolic acid present in the pulp of ‗Tommy Atkins‘ 
45

 and both the pulp 

and peel of ‗Kensington Pride‘ and ‗R2E2‘ mango fruit. 
9
 

According to Ma et al, 
79

 the concentration of total phenols in the pulp varied 

from 8.8 to 193.4 mg GAE 100 g
-1 

in fresh weight basis among eight cultivars of 

mango fruit they studied, ‗Tainong‘ having the highest and ‗Guifei‘ the lowest. The 

total flavonoid content of the pulp was also the highest in ‗Tainong‘ mango fruit (90.9 

mg rutin 100 g
-1
), whilst the fruit of ‗Guifei‘ having the lowest content (6.28 rutin 100 

g
-1

).The total phenol concentrations in the pulp and peel of ‗Kensington Pride‘ mango 

fruit were higher than ‗R2E2‘ mango fruit. 
9
 Li et al 

80
 reported that the concentrations 
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of total polyphenols and total flavonoids were significantly higher in green peel mango 

fruit compared to red peel or yellow peel mangoes of 11 different cultivars.  

 

Effect of the degree of ripeness  

The degree of ripeness has shown a marked influence in the concentration of bioactive 

compounds in mango fruit. The major phenolic compounds in ‗Ataulfo‘ mango pulp 

tended to increase with the advancement of fruit ripening. 
81

 The highest concentration 

of total phenols was recorded in the pulp of ‗Ataulfo‘ mango fruit harvested at 20-30% 

and 70-80% yellow surface stages when compared with the fruit harvested at 0-10% 

and 100% yellow surface stages. 
81

 Similarly, the concentrations of chlorogenic acid 

and vanillic acid were significantly high in the fruit harvested at 71-100% yellow peel 

stage. 
7
 

According to Ruiz-Montanez et al, 
10

 significantly higher concentrations of 

lupeol and mangiferin were noted in the pulp and peel of ‗Ataulfo‘ mango fruit 

harvested at consumption maturity stage when compared with the fruit harvested at 

physiological maturity stage. The concentration of lupeol in the peel of ‗Dashehari‘ 

mango fruit has also shown a significant increase during ripening. 
11

 

A significant difference in the levels of lupeol, maniferin and phenolic acids 

were observed in ripe ‗Kensington Pride‘ mango fruit which were harvested at four 

different maturity stages; mature green, sprung stage, half ripe and tree ripe. The ripe 

mango fruit harvested at sprung stage recorded the highest levels of lupeol, 

mangiferin, vanillic acid, ferulic acid and caffeic acid and gallic acid, chlorogenic 

acid. 
82

 Therefore, delaying the harvest of mango fruit until sprung stage could be 

considered as a promising strategy to obtain ripe mangoes with higher levels of health 

promoting compounds and thus, improved health benefits. 
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Effect of low temperature storage  

Although many studies have investigated the effect of low temperature storage on the 

content of bioactive compounds in different fruit and vegetables, published data are 

rather limited on its influence on the levels of terpenoids and phenolic health-

promoting compounds in mango fruit.  

The exposure of fruit and vegetables to low temperature stress during storage is 

considered as a physical elicitor treatment which triggers the production of desired 

phenolic compounds. 
83

 The biosynthetic pathways of both terpenoids and phenols are 

activated after an elicitor treatment by inducing the activity of the enzyme, 

phenylalanine ammonia-lyase (PAL). 
84, 85

 

According to Vithana et al, 
86

 the concentrations of lupeol in pulp and peel and 

chlorogenic and caffeic acids in the pulp were significantly higher in Kensington Pride 

mango fruit stored at 5 °C than 13 °C, whereas mangiferin, gallic, chlorogenic, 

vanillic, ferulic, and caffeic acids, and total phenols in the peel were significantly 

higher when stored at 13 °C.  Another study revealed that the total phenols 

concentration continued to increase in the pulp of tree ripe ‗Irwin‘ mango fruit stored 

for 20 d at 5 °C. 
87

 Storage of mango fruit at chilling temperature (5 °C) for 12 d prior 

to ripening at room temperature could therefore be considered as a simple and 

practical tool to increase the level of lupeol in ripe mango fruit. On the whole, 

subjecting mature green mango fruit to low temperature stress as a physical elicitor 

treatment could be considered as a feasible technique to improve the levels of health 

promoting phytochemicals in the ripe fruit. 
86, 87 

Effect of climate, soil composition and the geographical location of cultivation 
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Effect of climatic and soil related factors on the concentrations of health-promoting 

compounds in mango fruit are rather scanty. According to Manthey and Perkins-

Veazie, 
78

 the country of origin with differences in soil and climate had a significant 

influence on the concentration of total phenols in five different cultivars of mango fruit 

grown in four different countries. Moreover, Palafox-Carlos et al. 
81

 reported that, the 

concentrations of phenolic compounds present in ‗Ataulfo‘ mango fruit grown in 

Tepic, Nayarit, Mexico were different from those grown in Chiapas State, Mexico. 
88

 

However, drawing major conclusions from published research on the effect of 

climate and location on the content of bioactive compounds in fruit is rather difficult 

due to inconclusive findings. The magnitude of the effect of these factors on the 

concentration of health-promoting compounds is possibly dependent on the type of the 

fruit and type of the compound.  

 

Effect of postharvest heat treatment 

To comply with the quarantine requirements of the importing countries exposure of 

mango fruit to thermal quarantine treatments such as hot water treatment have been 

practice. However, this might affect the concentrations of bioactive compounds in the 

treated mango fruit. The concentrations of gallic acid, gallotannins and total soluble 

phenolics in mature green ‗Tommy Atkins‘ mango fruit were decreased within 2 h of 

hot water treatment (46.1 °C, 110 min) compared to the untreated fruit and the fruit 

subjected hot water treatment for 70 min. However, when these fruit were stored for 4 

days, the concentration of total soluble phenolics in all hot water-treated fruit 

decreased regardless of the duration of treatment (70 min or 110 min). Whereas only 

slight differences were observed in gallic acid and gallotannin concentrations 

compared to the untreated control. 
89
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Similarly, the concentrations of gallic acid and several hydrolysable tannins in 

the pulp of ‗Tommy Atkins‘ mango fruit subjected to hot water treatment (46 °C for 

75 min) prior to storage for 2 weeks at 10 °C under controlled atmospheric conditions 

comprising of 3% O2 + 97% N2 or 3% O2 + 10% CO2 + 87% N2 were unaffected by 

the hot water treatment, while total polyphenolics decreased throughout fruit ripening, 

regardless of hot water treatment or storage atmosphere. 
45
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Table 2: Impact of pre- and postharvest factors and treatments on lupeol and phenolic contents of mango fruit 

Lupeol Phenolic compounds 

Factor Effect  

(Increase/decrease/indifferent) 

Reference Effect  

(Increase/decrease/indifferent) 

Reference 

Genotype selection Increase Srivastava et al., 2015 

Palafox-Carlos et al., 

2012a 

Vithana et al. 2018a 

 

Increase Srivastava et al., 2015 

Vithana et al. 2018a 

Ma et al. 

Li et al. 2014 

Kim et al. 2007 

Degree of ripeness-  

(Delayed harvesting) 

Increase Ruiz-Montanez et al., 

2014 

Vithana et al. 2019 

Increase Palafox-Carlos et al., 

2012a 

Ruiz-Montanez et al., 

2014 

Vithana et al. 2019 

Low temperature Increase Vithana et al. 2018b Increase Vithana et al. 2018b 
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storage 

Postharvest heat 

treatments: 

NT  Decrease Shivashankara et al. 

2004 
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REGULATION OF THE CONCENTRATION OF HEALTH-PROMOTING 

COMPOUNDS IN MANGO FRUIT 

The rediscovery of the historic bond between plant products and human health has 

instigated a marked growth in the interest of botanical therapeutics, plant-based 

pharmaceutical products, dietary supplements and functional food among health 

conscious consumers worldwide. 
90

 Many of the plant derived products with 

significant medicinal properties are anticipated to complement the conventional 

medicines in near future and thereby add a significant value to agricultural produce. 
90

 

Due to the ever increasing evidence of an inverse relationship between the 

regular consumption of fruit and vegetables and chronic degenerative diseases such as 

cardiovascular diseases and cancer, different methods to improve the content of 

bioactive compounds in plant products have been developed. 
85

 Therefore; in the past 

few decades, several methods including simple cultural practices such as pruning and 

fruit thinning to complex methods such as genetic engineering and plant cell culture 

have been investigated and practiced with the aim of increasing the concentration of 

bioactive compounds in fresh horticultural products. 
85

 

Phenolic compounds and terpenoids are among the key contributors to the 

health benefits of different fruit including mango. Thus, a good understanding of their 

biosynthetic pathways and the factors that could influence their biosynthesis and 

degradation would be of utmost importance in developing effective and efficient 

methods to regulate the concentrations of desired health-promoting compounds in 

mango fruit.  The following section will provide the mechanisms of polyphenol and 

terpenoid biosynthesis that occurs in mango fruit as well as in other fruit. 

 

Biosynthesis of phenolic health-promoting compounds 
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Most of these phenolic compounds are classified as secondary metabolites that have a 

large variety of structures and functions, 
91

 and are biosynthesized in plants during 

normal growth and development or when they are subjected to biotic or abiotic 

stresses. Biosynthesis of phenolic compounds in plants as secondary metabolites 

occurs via different pathways. Generally phenolic compounds are biosynthesised from 

the intermediates of carbohydrate metabolism via the shikimic acid pathway which is 

predominately found in plastids. 
92

 The two starting compounds of shikimic acid 

pathway are erythrose - 4 -phosphate and phosphoenol pyruvate derived from 

carbohydrate metabolism during photosynthesis. 
92

 Several phenolic secondary 

metabolites are then synthesized from these precursors in multiple steps 
92

 (Fig. 6). 

Phenylalanine ammonia lyase (PAL) is one of the key enzymes in shikimic acid 

pathway which is responsible for the biosynthesis of phenolic acids. 
93

 

Derivation of erythrose - 4- phosphate (Fig. 7) and phosphoenol pyruvate (Fig. 

8) from carbohydrates, production of shikimic acid (Fig. 9) and chorismic acid (Fig. 

10) and the conversion of chorismate to other products can be considered as the major 

steps of shikimic acid pathway. 
92

 The synthesis of phenylalanine (Fig. 11) from 

chorismic acid is one of the crucial steps of polyphenol biosynthesis as polyphenols 

are basically biosynthesised from phenylalanine. The deamination of phenylalanine by 

the enzyme phenylalanine ammonia-lyase (PAL) is considered as the initial step of 

phenolic acid biosynthesis. 
85

 These phenolic acids, mainly cinnamic acid and its 

derivatives then play a key role in the synthesis of flavonoids, lignin and several other 

phenolic compounds. 
92

 

 

Biosynthesis of terpenoids 
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Terpenoids are derived by the recurring fusion of five-carbon units called 

‗isoprene units‘.
94

 Thus, they are divided in to several groups based on the number of 

isoprene units they possess; namely, hemiterpenes (C5, single isoprene unit), 

monoterpenes (C10, two isoprene units), sesquiterpenes (C15, three isoprene units), 

diterpenes (C20, four isoprene units), triterpenes (C25, five isoprene units), tetraterpenes 

(C30, six isoprene units) and polyterpenes (> C40, > 8 isoprene units). 
95

 Plant growth 

regulators (cytokinins, gibberellic acid and abscisic acid), photosynthetic pigments 

(carotenoids and chlorophyll) are some of the most important primary terpenoid 

metabolites. 
96

 Monoterpenes, sesquiterpenes, diterpenes and triterpenes are 

considered as secondary metabolites. 
96

 Monoterpenes comprise a major fraction of 

aroma volatile compounds in fruit such as mango, 
97

 floral fragrances and of essential 

oils in plants. 
95

 Sesquiterpenes are also found in mango fruit aroma volatile 

compounds 
97

 and essential oils in plants and a number of sesquiterpenoids are found 

in antimicrobial compounds produced by plants as pathogen defence. 
95

 Diterpenes 

include phytol, a side chain of chlorophyll molecule and several other 

pharmacologically important compounds such as retinol, 
95

 whilst triterpenes include 

plant hormones, various membrane components, plant waxes 
95

 and anti-carcinogenic 

bioactive compounds such as lupeol. 
8
 Tetraterpenes which is the most common of all 

terpene groups is consisted of carotenoid pigments. 
95

 

Terpenoids could be biosynthesised via mevalonate pathway or 2-C-methyl-D-

erythritol-4-phophate (MEP) pathway (Fig. 12). 
94. 96

 Generally, the biosynthesis of 

terpenoids is compartmentalized, where the mevalonate pathway is present in the 

cytosol and the MEP pathway in the plastids. 
95, 96

  Usually, sesquiterpenes, triterpenes 

and polyterpenes are syntheised in the cytosol, whilst monoterpenes, diterpenes and 

tetraterpenes are largely synthesised in plastids. 
95
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Fig. 6 Basic steps of shikimic acid pathway of phenolic biosynthesis modified from 

Seigler 
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           Fig. 7 Erythrose-4-phosphate                              Fig. 8 Phosphoenol pyruvate 

 

  

                                            

      Fig. 9 Shikimic acid            Fig.10 Chorismic acid                Fig. 11 Phenylalanine 

(Source: https://www.sigmaaldrich.com) 

 

Mevalonate (mevalonic acid) and MEP pathways of terpenoid biosynthesis 

Both mevalonate and MEP pathways are initiated by pyruvate (Fig. 12) which is 

produced during the process of photosynthesis, followed by a series of steps which 

ultimately synthesise different types of terpenoids.  In mevalonate pathway, pyruvate 

is converted to acetyl- CoA, acetoacetyl CoA and 3- hydroxyl-3-methyl-glutanyl-CoA 

(HMG- CoA) which is then converted to mevalonic acid (Fig. 13). From mevalonic 

acid, isopentenyl phosphate (IPP) (Fig. 14) is derived which is subsequently converted 

to different types of terpenoids (Fig. 15). However, in MEP pathway, pyruvate is 

converted to glyceraldehydes 3-phosphate (GAP) and 1-deoxy-D-xylulose which 

produces 2-C-methyl-D-erythritol-4-phosphate (Fig.15), which is later converted to 

IPP. Then the major sub groups of terpenoids are synthesised from IPP. 
95
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        Fig. 12 Pyruvate                                      Fig. 13 Mevalonic acid 

 

                              

       Fig. 14 Isopentenyl phosphate (IPP)         Fig. 15 2-C-Methyl-D-erythritol-4-  

                                                                                              Phosphate 

       (Source: https://www.sigmaaldrich.com) 
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Fig. 16 Major steps of Mevalonate and MEP pathways of terpenoid biosynthesis 

modified from Croteau et al 
95
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TOOLS TO INCREASE THE CONCENTRATION OF HEALTH-

PROMOTING COMPOUNDS IN MANGO FRUIT 

Due to the increasing awareness of the health benefits of secondary compounds 

produced in plants, the concern of consumers has been shifted from the external 

quality of fruit and vegetables to their concentration of health-promoting compounds. 

83
 Thus, a need of new technologies or strategies to add value to fruit and vegetables 

by increasing their concentration of desired health-promoting compounds has been 

created. 
84

 In addition to their health prospects, these value added commodities would 

improve trade prospects of growers and food industry in growing health-oriented 

markets.  

 

  

 

Plant cell culture 

Plant cell culture is another potential alternative for the production of desired 

secondary metabolites that are generally difficult to synthesise chemically or extract 

directly from plants. 
98, 99

 However, low yield of compounds obtained via this method 

is one of the key constraints. 
85

 The productivity of many compounds is still not 

competitive enough for commercial applications. 
99

 

  

Elicitors 

Application of physical and chemical elicitors is becoming the most promising 

alternative to overcome the constraints faced by genetic engineering and plant cell 

culture. 
85

 Low temperature, ultraviolet and gamma irradiation and altered gas 

composition are among the physical elicitor‘s treatments, whilst plant signalling 
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molecules such as methyl jasmonate (MeJA), salicylic acid (SA) and ethylene are 

considered as the chemical elicitors. 
83

 Plant defence against biotic or abiotic stress 

conditions involves triggered synthesis of low molecular weight compounds called 

phytoalexins. 
100

 Thus, a chemical elicitor can be considered as a compound that can 

stimulate phytoalexin accumulation in plants. 
99

 

Since plant secondary metabolites are generally synthesised to protect plants 

from various biotic and abiotic stresses including pest and disease attacks, moisture 

stress and extreme temperatures; stress induction could be used to stimulate the 

production of such plant secondary metabolites. 
99 

There is growing evidence on the 

ability of plants to biosynthesize higher concentrations of secondary metabolites as a 

response to induced abiotic stresses. 
101

 Organically grown fruit are believed to contain 

more secondary metabolites as such situations induce plants and fruit to use their own 

natural defence mechanisms against biotic and abiotic stress. 
76

 Hence, targeted 

postharvest elicitor treatments could be used as a promising tool to produce fruit and 

vegetables with higher concentrations of phytochemicals to cater the growing 

consumer demand. 
83

 This technique is considered as a promising practical, effective 

and safe tool when compared with genetic engineering and plant cell culture. 
84, 85

 

However, the influence of elicitor treatments on the levels of terpenoids and phenolic 

health-promoting compounds in mango fruit is rather limited. Even though a number 

of studies have reported the pre- and postharvest effects of the application of MeJA, 

SA and NO on chilling injury, physico-chemical and health beneficial properties in 

different mango cultivars including ‗Tommy Atkins‘ (Gonzalez-Aguilar et al. 2000), 

102
 ‗Kent‘ (Gonzalez-Aguilar et al. 2001), 

103
 Kensington Pride‘ (Lalel et al 2003 

104
; 

Joyce et al 2001 
105

, Zaharah and Singh, 2011 
106

)  , ‗Matisu‘ (Zeng et al., 2006 
107

) 
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and ‗Chausa‘ (Barman et al, 2014), 
108

 their effect on the concentrations of lupeol, 

mangiferin or phenolic acids are seldom discussed.  

A study carried out to investigate the effect of postharvest application of 

chemical elicitors MeJA, SA and NO on the concentrations of these compounds in the 

pulp and peel of ripe ‗Kensington Pride‘ mango fruit revealed that, the levels of 

mangiferin, gallic acid, chlorogenic acid and total phenols in both pulp and peel as 

well as lupeol and caffeic acid in the peel were significantly higher with MeJA (10
-5

 or 

10
-4

M) fumigation compared to untreated control. Similarly, the concentrations of 

mangiferin and ferulic acid in the pulp and peel were significantly higher with 1 and 2 

mmol L
-1

 SA dip, lupeol in the pulp with 2 and 3 mmol L
-1

 SA dip, chlorogenic acid in 

both pulp and peel with 2 mmol L
-1 

SA dip and vanillic acid in the pulp with all SA 

treatments (1, 2 and 3 mmol L
-1

) compared to control. The concentrations of lupeol, 

mangiferin, gallic and chlorogenic acids in both the pulp and peel, vanillic, ferulic and 

caffeic acids and total phenols in the ripe pulp were significantly higher with NO (20 

and/or 40 µL L
-1

) fumigation compared to the control.  109
 On the whole, fumigation 

with 10
-5

 M and/or 10
-4

 M MeJA for 24 h and fumigation with 20 and/or 40 μL L
-1 

NO 

for 2 h could be considered as feasible methods to increase the concentrations of 

mangiferin, gallic and chlorogenic acids in pulp and peel of ripe mango fruit to cater 

for the health-oriented markets and commercial industries. 

 

Stimulation of terpenoid biosynthesis 

The stimulation of terpenoid biosynthesis would possibly increase the concentrations 

of health-promoting compounds such as carotenoids and lupeol in mango fruit. The 

conversion of acetyl-CoA to acetoacetyl-CoA and 3-hydroxy-3-methylglutaryl-CoA 

(HMG- CoA) are considered as the first two steps in terpenoid biosynthesis via 
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mevalonic acid pathway as mentioned earlier (Fig. 16). 
93

 The enzymes that catalyse 

these two reactions: Acetyl-CoA acetyltransferase and HMG-CoA synthase utilize 

bivalent metal ion Fe
2+

 as a cofactor. 
93

 Subsequently, isopentenyl pyrophosphate 

(IPP), geranyl pyrophosphate (GPP) and farnesyl pyrophospahate (FPP) which involve 

in the production of hemiterpenes, monoterpenes, sesquiterpenes, diterpenes and 

tetraterpenes are biosynthesized. Mg
2+

 or Mn
2+

 is utilized as cofactors by the enzymes 

involved in the biosynthesis of these compounds: Pyrophosphomevalonate 

decarboxylase, IPP isomerise, GPP synthase and FPP synthase (Fig. 17).  
93, 110

 

The influence of a pre-harvest spray application of FeSO4 (Fe
2+

), MgSO4 (Mg
2+

) and 

MnSO4 (Mn
2+

) (0.2% and 0.3%) 30 d before harvest date on the levels of terpenoids 

and phenolic compounds in the pulp and peel of ripe ‗Kensington Pride‘ mango fruit 

showed that the concentration of lupeol was significantly higher in the peel of fruit 

applied with all six treatments, whilst it was the highest in the pulp of fruit treated with 

0.3% FeSO4. The level of mangiferin in the pulp was significantly higher in the fruit 

treated with 0.2% FeSO4, MgSO4 and MnSO4 whilst the concentrations of gallic, 

ferulic and caffeic acids in the peel and chlorogenic acid in both the pulp and peel 

were highest in fruit sprayed with 0.2% FeSO4. 
111 

Overall, spray application of 0.2% 

aqueous FeSO4 30 d before harvest was identified as a viable commercial approach to 

obtain value added mango fruit with higher levels of lupeol, mangiferin, gallic, ferulic 

and caffeic acids in the peel and chlorogenic acid in the pulp. 
111
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Fig. 17 Major enzymes and their cofactors involved in different steps of mevalonate 

pathway of triterpene biosynthesis. 
94, 111

 

 

 

FUTURE RESEARCH 

Based on the knowledge generated by several investigations reviewed in this article, 

there is an obvious potential in upregulating the levels of health-promoting 

phytochemicals in mango fruit via different pre- and postharvest approaches. Thus, in 
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future the influence of pre-harvest elicitation methods such as regulated and deficit 

irrigation and simple agronomic practices such as reflective mulches on the 

concentrations of bioactive compounds in mango fruit could be investigated. 

Moreover, the dynamics in the activity of phenylalanine ammonia lyase (PAL) and 

other key enzymes involved in terpenoid and polyphenol biosynthetic pathways under 

different pre- and postharvest treatments and conditions could be investigated for 

better manipulation of these processes in future studies. The influence of pre- and 

postharvest elicitation on the expression of gene(s) involved in terpenoid and 

polyphenol biosynthesis could be investigated to understand the mechanism of action 

of these elicitors in enhancing the levels of different health promoting compounds in 

mango fruit.  Furthermore, elevated levels of health-promoting compounds present in 

the pulp and peel could be added as an objective in future mango breeding 

programmes, whilst identification of germplasm with higher levels of these 

compounds could be used in hybridization. 

 

CONCLUSION 

Mango fruit is a rich source of many health-beneficial phytochemicals such as lupeol, 

mangiferin and different phenolic acids. However, there still is much scope for further 

increasing the levels of these compounds through various pre- and postharvest 

manipulations., delaying harvesting of mango fruit until sprung stage, exposing hard 

green mature mangoes to chilling temperatures (5 °C) for 12 d prior to ripening, 

elicitation of polyphenol and terpenoid biosynthesis by fumigation of mature green 

mango fruit with 10
-5

 M and/or 10
-4

 M MeJA for 24 h or fumigation with 20 and/or 40 

μL L
-1 

NO for 2 h and spray application of 0.2% aqueous FeSO4 30 d before harvest 

for the exogenous supply of enzyme cofactor Fe
2+

 can be considered as viable methods 
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to obtain ripe mango fruit with higher levels of lupeol, mangiferin and phenolic acids 

in both pulp and peel. These phytochemical rich fruit can play a beneficial role in diet 

to reduce the risk of chronic degenerative diseases. Moreover, the value added peel 

would provide a good source to extract these compounds for food processing and 

nutraceutical industries. 
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