
                                                                                                               February 25, 2008 
 
MANGO QUALITY ATTRIBUTES AND GRADE STANDARDS: A REVIEW OF 
AVAILABLE INFORMATION AND IDENTIFICATION OF FUTURE 
RESEARCH NEEDS 
 
Adel A. Kader 
Postharvest Horticulture Consultant, Kader Consulting Services, P.O.Box  600, Davis, 
CA 95617-0600, USA 
 
 
1. Abstract:  

      A review of available printed and electronic sources of information about mango 

quality attributes, with emphasis on mango cultivars that are marketed in the U.S. 

(such as Ataulfo, Haden, Kent, Keitt, and Tommy Atkins), and grade standards was 

conducted. Based on analysis of this information, possible revisions in the U.S. 

Standards for Grades of Mangos are proposed including adding objective maturity 

indices, size categories, and expansion of some of the information about defects. 

Suggestions for future research needs include identification of sensory and objective 

quality  indices, correlating harvest maturity to flavor quality when ripe, 

determining the time-temperature combinations that induce chilling injury of 

mature-green and partially-ripe mangos, and developing a manual for symptoms of 

mango defects and decay. 

 

2. Mango Quality Attributes 

     Although consumers may buy fruits on the basis of their appearance and firmness,  

subsequent purchases depend on their satisfaction with how these fruits taste. Mango  

flavor quality is influenced by the cultivar, maturity stage at harvest, postharvest  
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handling procedures and environmental conditions (avoiding mechanical damage and 

chilling injury), and ripeness stage at the time of eating the mango. Information about 

postharvest biology and technology of mangos is available in a few books ( Litz,1997; 

Mendoza and Wills,1984; Yahia et al, 2006) ), book chapters ( Dodd et al,1997; Gomez-

Lim,1997; Hulme,1971; Johnson et al,1997; Kader et al,2002; Lakshminarayana,1980; 

Mitra and Baldwin,1997; Nanjundaswamy,1997; Narain et al,1998; Paull and Chen,2002; 

Stafford,1983), review articles (Caygill et al,1976; Chaplin,1988; Johnson and 

Coates,1993; Korsten,2006; Paull and Chen,2004; Subramanyam et al,1975; Wainwright 

and Burbage,1989; Yahia,2006), and conference proceedings ( Drew,2002; Pinto et 

al,2004; Subhadrabandhu and Pichakum,2000; ). However, only a small percentage of the 

information in the references cited above is about the cultivars marketed in the U.S. 

(Ataulfo, Haden, Kent, Keitt, and Tommy Atkins). In contrast, ‘Kensington’,which is the 

predominant mango cultivar in Australia, has been the subject of extensive studies 

(Chaplin,1988; Hofman and Ledger,2006; Jobin-Décor,1988; Johnson and Coates,1993; 

Ledger et al,2003; Loney et al,1992). 

     Mango quality indices include uniformity of shape and size, freedom from decay and 

defects, skin color that is characteristic of the cultivar, flesh color, flesh firmness 

(juiciness, fiber content), and flavor (sweetness, acidity, aroma intensity). Sucrose and 

citric acid are the main sugar and organic acid, respectively, in mangos. Lactones 

contribute to preferred mango aroma and 2,5-dimethyl-4-hydroxy-3(2H)-furanone 

contributes to overripe aroma and flavor (MacLeod and Pieris,1984; MacLeod and 

Snyder,1985; Malundo et al, 2001). Allergic reaction of some people to mango is related 
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to the allergen, 3-pentadecyl catechol, which is also found in other members of the family 

Anacardiaceae, such as cashew and pistachio nuts (Lakshminarayana,1980). 

     There are large differences in flavor quality and fiber content of mango cultivars, 

which can be grouped on the basis of fiber content into none to slight (less than 1%), 

moderate (1-2%), and high (more than 2%). Among the five major cultivars that are 

marketed in the US, ‘Tommy Atkins’ is highest in fiber content (2-3%), but it is popular 

among marketers because of its red skin color. Mango skin’s red color (reddish blush) is 

due to the anthocyanin, peonidin-3-galactoside (Proctor and Creasy, 1969). However, 

mango producers and marketers should seriously consider gradually replacing ‘Tommy 

Atkins’ with cultivars that have better textural and flavor quality and less fiber, such as 

‘Ataulfo’ and ‘Keitt’. ‘Ataulfo’ contains higher concentrations of ascorbic acid (vitamin 

C) and carotenoids (provitamin A) than “Haden’, ‘Kent’, ‘Keitt’, and ‘Tommy Atkins’ 

(Perkins-Veazie, 2007). In contrast, Ornelas-Paz et al (2007) reported that ‘Haden’ and 

‘Ataulfo’ had higher amounts of beta-carotenes than ‘Kent’ and ‘Tommy Atkins’ 

mangos. This information is important to consumers who are more interested in flavor 

and nutritional quality than in appearance quality of fruits. 

     Mango flavor properties depend on the interactions among volatile compounds and 

with sugars and acids. From the 150 volatile compounds isolated from mango, it is 

probable that only a few are critical to characteristic mango flavor (Malundo et al, 1996). 

Sugars and acids enhance human perception of specific flavor notes in mango, including 

aromatics (Malundo et al, 2001). When a refractometer is used to measure soluble solids, 

the results depend on the concentrations of sugars, acids, soluble pectins, and soluble 

phenolic compounds. Thus, the correlation between soluble solids content and sweetness 
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is not as high as that between total sugars and sweetness. However, sugars constitute 

about 90% of the soluble solids in mango. 

 
     Mangos are susceptible to many physical, physiological, and pathological defects, 

including the following (arranged alphabetically within each of the two groups):                                            

A. Defects of Preharvest Origin: 

                  Anthracnose 

                  Insect Damage 

                  Jelly Seed 

                  Lenticel damage 

                  Misshapen 

                  Scab 

                  Scars (russeting) 

                  Skin breaks and cracks 

                  Soft Nose 

                  Stem-end Cavity 

                  Sunburn and sunscald 

 

B. Defects of Harvesting and Postharvest Handling Origin: 

                  Bruising 

                  Decay 

                  Elevated carbon dioxide injury 

                  External (skin) discoloration (due to heat injury or chilling injury) 

                  Immature (poor quality when ripe) 
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                  Internal (flesh) discoloration (due to heat injury or chilling injury) 

                  Not well trimmed (stem is longer than 0.5 inch = 12.7mm) 

                  Overripe (too soft) 

                  Sapburn 

                  Shriveling (water loss) 

                  Sunken discolored areas ( due to chilling injury)  

                  Sunken shoulder areas (due to heat damage to the flesh below) 

                  Uneven (blotchy) ripening (due to heat injury or chilling injury) 

 

          Sapburn (brown to black discoloration of mango skin) results from exudate from 

the cut stem at harvest (Brown et al,1986; Loney et al,1992). Wainwright and Burbage 

(1989) reported that large and ripe mango fruit are more prone to physiological disorders, 

such as flesh breakdown (stem end breakdown, stem end cavity). Raymond et al(1998) 

described three internal physiological disorders of mangos: jelly seed (disintegration of 

the flesh around the seed into jelly-like mass), soft nose (partial ripening of the mesocarp 

at the distal end of the fruit), and stem-end cavity (necrosis of the mesocarp around the 

cavity). Susceptibility to jelly seed varies among cultivars and ‘Tommy Atkins’ is among 

the very susceptible group (Lelyveld and Smith, 1979). 

          Heat injury results from exceeding the time and/or temperature combinations 

recommended for decay and/or insect control. Symptoms include skin scald, blotchy 

coloration, uneven ripening, and void spaces in the flesh due to tissue death. Heat injuries 

can be reduced by effective monitoring and management of the heat treatment and 

prompt cooling after the heat treatment. 

 5



         Chilling injury symptoms include uneven ripening, poor color and flavor, surface 

pitting, grayish scald-like skin discoloration, increased susceptibility to decay, and, in 

severe cases, flesh browning. Chilling injury symptoms and severity depend on cultivar, 

maturity and ripeness stage (riper mangos are less susceptible), and temperature and 

duration of exposure, which are cumulative. 

 

3. Maturity, Ripeness, and Quality relationships 

         Harding et al (1954) concluded that specific gravity can not be used as a reliable 

maturity index. They found that soluble solids content (measured with a refractometer) 

ranged from 7 to 10% in mature-green ‘Haden’, ‘Keitt’, and ‘Kent’ mangos and increased 

with maturity and ripeness to 14 to 16%, and was related to flavor quality (determined by 

the researchers) of the ripe mangos. Meanwhile, titratable acidity declined from 0.55- 

0.93% in mature-green mangos to 0.09-0.20% in ripe mangos.  They also found a good 

correlation between firmness and ripeness. Soule and Hatton (1955) reported that mango 

flesh firmness declines with maturation on the tree and that large fruit are more mature 

and ripen faster than small fruit picked from the same tree. Small and large mature-green 

‘Haden’ and ‘Kent’ mangos required 8 and 6 days at 27C to ripen, respectively. Small 

mature-green ‘Keitt’ mangos required 12 days vs 10 days for large fruit to ripen at 27C. 

Large fruit had slightly higher soluble solids content and slightly lower titratable acidity 

than small ‘Haden’, ‘Keitt’, and ‘Kent’ mangos at both the mature-green and ripe stages. 

         Popenoe and Long (1957) measured increases in starch content (from 5.6 to 7.7% in 

‘Haden’ and from 6.2 to 10.7% in ‘Keitt’ mangos), specific gravity (from 1.01 to 1.02 in 

‘Haden’ and from 1.00 to 1.02 in ‘Keitt’ mangos), and scored the mangos for flavor 
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during maturation. However, they concluded that these indices are not practical because 

of variability among individual fruit and difficulty of measurement. Popenoe et al (1958) 

determined changes in specific gravity (from 0.9902 to 1.0265), starch content (from 1.24 

to 5.62%), soluble solids content (from 8.0 to 11.0% in hard fruit and from 9.5 to 18.0% 

in soft fruit) in ‘Haden’ mangos; they concluded that starch content was the best maturity 

indicator. 

         Malevski et al (1977) concluded that the maximum red and maximum yellow color 

intensities at harvest could serve as a good index of mango maturity in some cultivars. 

Mitcham and McDonald (1992) described 6 stages of maturity and ripeness of ‘Keitt’ and 

‘Tommy Atkins’ mangos as follows: (1) Immature-green (underdeveloped shoulders); (2) 

Mature-green (well-rounded shoulders); (3) Firm (yields slightly under pressure); (4) 

Fairly-firm (yields significantly under pressure); (5) Soft-ripe (soft fruit); and (6) Over-

ripe (extremely soft, mushy). 

         Baez-Sanudo et al (1997 and 1999) described 5 stages of mango flesh (pulp) color 

development as follows: (1) Cream (not white); (2) Turning (from cream to yellow with 

<30% yellow); (3) Yellow (30-60% yellow); (4) Yellow-orange (>60% yellow); and (5) 

Orange (>90% orange). At stage (1), Baez-Sanudo et al (1999) measured soluble solids 

contents of 7.3, 6.6, 7.4, and 7.3%  and titratable acidity of 1.07, 0.72, 0.60, and 1.20% in 

‘Haden’, ‘Keitt’, ‘Kent’, and ‘Tommy Atkins’ mangos, respectively. These mangos 

ranged in firmness from 11.0 to 13.2 kg-force (penetration force measured with a 10 mm 

conical tip) and required 11 to 13 days to ripen at 20C. 

        Araiza et al (2005) reported that 7.3% soluble solids content is the minimum 

required for export of mangos from Mexico. They measured increases in soluble solids 
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contents from mature-green to ripe mangos from 6.9 to 19.2% in ‘Ataulfo’, 7.6 to 20.0% 

in ‘Kent’, and 6.2 to 18.0% in ‘Tommy Atkins’, while titratable acidity declined from 

3.20, 0.81, and 1.88% in mature-green ‘Ataulfo’, ‘Kent’, and ‘Tommy Atkins’, 

respectively, to about 0.5% or lower in ripe mangos of all three cultivars. 

         Sugiyama et al (2005) tested sonic and vibration response method as a 

nondestructive method for evaluating the textural quality of mangos. They found that the 

most representative part for measuring firmness is along the equatorial diameter and that 

the transmission velocity of ‘Keitt’ mangos declined from 70-80 m/s in mature-green 

fruit to 24-28 m/s in ripe, ready-to-eat fruit. Estimation of dry matter and starch contents 

by near infrared spectroscopy (NIR) was used to separate immature- from mature-green 

mangos (Sarawong et al, 2005). NIR was used by Subedi et al (2007) to assess mango 

maturity on the basis of flesh color or dry matter content. Salim et al (2005) used an 

electronic nose to separate ‘Harumanis’ mangos into under-ripe, ripe, and over-ripe 

group. Jha et al (2006) concluded that mango maturity could be predicted by measuring 

size, color, and firmness.     

     Only mature mangos should be harvested to ensure good flavor quality when fully-

ripe. A physiologically-mature mango requires 8 to 10 days at 25C to reach the edible 

ripe stage (Lakshminarayana, 1980). Many maturity indices have been tested, including 

number of days from full bloom, fruit size, fruit shape, skin color, flesh color, specific 

gravity, starch content, total solids (dry matter) content, soluble solids, and titratable 

acidity ( Baez-Sanudo et al, 1997 and 1999; El-Azzouni and Salama,1956; Harding et al, 

1954;Lakshminarayana, 1980; Malevski et al,1977; Mendoza and Wills, 1984; Popenoe 

and Long, 1957; Popenoe et al, 1958; Soule and Hatton, 1955; Stafford, 1983; 
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Subramanyam et al, 1975) . However, due to differences among cultivars, production 

conditions and locations, there is no consensus on maturity indices (Mitra and Baldwin, 

1997). 

         The change in fruit shape (fullness of the shoulders; shoulders have risen above the 

stem-end), change in skin color from dark-green to light-green to yellow (in some 

cultivars) , and extent of yellow color in the flesh are the most commonly-used maturity 

indices. Red blush on the skin in some cultivars is not a dependable maturity index. 

Development of a nondestructive method to determine flesh color can provide a useful 

tool for relating the extent of yellow color in the flesh with some external attributes of a 

given cultivar in a given production site that can be used in training the harvesting crew 

on proper selection of mature mangos. 

     Mangos are picked at the mature-green or breaker stage to withstand the postharvest 

handling steps required to bring them to the retail markets. They should be ripened at the 

wholesale, retail, or consumer level.  Hatton et al (1965) reported that ripening and 

softening rates of Florida mango cultivars increased as temperature increased from 16 to 

27C, but the best temperature range was 21 to 24C. Mangos ripened at 27C and higher 

temperatures had strong flavors and molted skin (Soule and Harding, 1956; Hatton et al, 

1965). Mangos produce relatively low levels of ethylene, but respond to exogenous 

ethylene applications. Campbell and Malo (1969) found that ripening of mature-green 

mangos was accelerated in response to ethylene released from 2-chloroethylphosphonic 

acid (ethephon). Exposure of Florida mango cultivars picked at the mature-green stage to 

20-100 ppm ethylene for 24 hours results in faster and more uniform ripening at 21C and 

92-95% relative humidity (Barmore, 1974). Barmore and Mitchell (1977) reported that 
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having ready-to-eat mangos with better color and aroma at retail stores increased sales. 

The benefits of ethylene-induced ripening were recently reported for ‘Ataulfo’ mangos 

(Montalvo et al, 2007).  

         The eating quality of mangoes when ripe depends upon maturity at harvest, 

avoiding physical damage and chilling injury during postharvest handling, and 

minimizing anthracnose incidence (Kader et al, 2002). Also, there are major differences 

in flavor quality and fiber content among cultivars. Changes associated with mango 

ripening (Lizada, 1993) include: 

. Skin color changes from dark-green to light-green or yellow (depending on the cultivar), 

. Flesh color changes from light-yellow to dark-yellow to orange in all cultivars, 

. Increase in carotenoids and decrease in chlorophyll content,  

. Decrease in flesh firmness and increased juiciness,  

. Increase in respiration and ethylene production rates,  

. Conversion of starch to sugars due to amylase activity, 

. Increase in soluble solids content,  

. Decrease in titratable acidity, and  

. Increase in odor-active volatile compounds responsible for characteristic aroma. 

 

4. Factors Affecting Fruit Quality 

     4.1. Genotype (cultivar or variety, rootstock) is a very important factor in determining 

mango quality as was stated above in section 2. However, I found no published 

data on comparing the quality and consumer preferences of the mango cultivars 

marketed in the USA. 
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     4.2. Cultural practices, such as water and nutrients (especially nitrogen and calcium) 

supply,    integrated pest management procedures, and crop load on the tree 

influence mango maturity rate, quality at harvest, and postharvest-life potential 

(related to incidence and severity of physiological disorder and decay). For 

example, the ‘soft nose’ disorder in mangos has been related to excess nitrogen 

and low calcium concentrations (Young and Miner, 1961). Based on my literature 

review, the effects of preharvest factors on quality at harvest and postharvest life 

have not been given much attention by researchers working on US-marketed 

mango cultivars. 

 

     4.3. Maturity at harvest is the most important factor in determining eating quality of 

 ripe mangos as was discussed in section 3 above. 

 

     4.4. Postharvest handling practices 

4.4.1. Preparation for market (washing, heat treatment, waxing, fungicide 

treatment, packaging, cooling).  

          Surface coatings mangos with carnauba wax reduced water loss and 

improved appearance by imparting a subtle shine during storage at 10 or 15C and 

90-95% relative humidity for 19 days followed by 4 days at 20C and 56% relative 

humidity to simulate marketing conditions (Baldwin et al,1999). 

          Anthracnose (caused by Colletotrichum gloesporioides) begins as latent 

infections in unripe fruit and develops when the mangos begin to ripen. Another 

important disease is Diplodia stem-end rot, caused by Lasiodiplodia theobromae, 
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grows from the pedicel into a circular black lesion around the pedicel. Fungicide 

treatment and/or heat treatments can reduce decay incidence and severity ( Dodd et 

al,1997; Hatton and Reeder,1964; Johnson and Coates,1993; Kim et al,2007; 

McMillan et al,1987; Smoot and Segall,1963; Spalding,1986; Spalding and 

Reeder,1978 and1986; Spalding et al,1988).  

          Disinfestation treatments for mangos, including vapor heat treatment, hot 

water dip, and irradiation at 250 Gy, can have negative effects on quality of 

mangos if recommended time-temperature combinations or irradiation dose are 

exceeded ( Akamine and Goo,1979; Dennison and Ahmed,1968; Johnson et 

al,1997; Sharp,1988 and 1993; Sharp et al,1989; Spalding,1986; Spalding et 

al,1988; Spalding and von Windeguth,1988; von Windeguth,1986). Heating for 

insect disinfestation elevates respiration 3- to 5-fold and even after cooling the 

rates remain higher than those of untreated mangos for 4 to 6 days (Mitcham and 

McDonald, 1993). Irradiation doses above 250 Gy can result in scald-like 

symptoms on the skin and darkening and development of hollow pockets in the 

flesh (Spalding and von Windeguth,1988). 

 

         4.4.2. Management of temperature and relative humidity (to avoid chilling injury                              

         and minimize water loss).  

         The optimal temperature ranges are 12 to 14C for mature-green mangos and 8 

to 12C for partially-ripe and ripe mangos (Kader et al, 2002; Paull and Chen, 2002). 

The optimal relative humidity range is 85 to 95% for all mangos. Exposure of 

mangos to lower than optimal temperatures induces chilling injury symptoms that 
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become more visible after transfer to higher temperatures. Chilling injury symptoms 

include grayish scald-like discoloration of the skin, pitting, uneven ripening, poor 

color and flavor, and increased susceptibility to decay (Hatton et al,1965; Kanes et 

al,1982; Saucedo-Veloz et al,1977; Medicott et al,1990). 

 

4.4.3. Delayed ripening by modified or controlled atmospheres and/or treatment 

with 1-methylcyclopropene (1-MCP ; Smartfresh).  

            These treatments can not substitute for keeping mangos at the optimal range 

of temperature and relative humidity , but can be useful supplemental treatments 

under conditions when a longer postharvest-life is needed for successful marketing. 

Based on studies with Florida mango cultivars, the optimal range of oxygen is 3 to 

5% and carbon dioxide is 5 to10% in modified or controlled atmospheres ( Bender 

et al, 1994, 1995, 2000, 2000a, 2000b; Hatton and Reeder, 1965; Kim et al, 2007; 

Spalding and Reeder,1974 and 1977; Yahia,2006). Yahia and Vasquez-Moreno 

(1993) found that mangos tolerate short exposures to insecticidal atmospheres with 

very low oxygen and elevated carbon dioxide. However, exposure of mature-green 

mangos to oxygen levels below 2% and/or carbon dioxide levels above 10% for 

longer than a few days may induce skin discoloration, grayish or pale flesh color, 

uneven ripening, and off-flavor development due to fermentative metabolism 

(accumulation of acetaldehyde and ethanol). Modified atmosphere packaging with 

or without ethylene absorbers can delay ripening and reduce water loss of mature-

green mangos (Miller et al, 1983 and 1986; Yahia, 2006). However, if gas diffusion 

is restricted to the extent that undesirable levels of oxygen and carbon dioxide 
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develop, the above-mentioned undesirable effects of low oxygen and elevated 

carbon dioxide will result. 

         Exposure of mature-green mangos to 200-300 ppb of the ethylene action 

inhibitor, 1-methylcyclopropene, for 6 hours at 14 or 20C delays their ripening. 

However, more research, including cost-benefit analysis is needed before such a 

treatment is commercialized. Also, the efficacy of the combination of 1-MCP 

treatment and controlled atmosphere in maintaining quality of mangos during 

simulated long-distance marine transport should be compared with each of these 

technologies alone. 

 

4.4.4. Ripening initiation with ethylene treatment before retail display or use for 

fresh-cut processing. 

                  As mentioned in section 3, ethylene induces faster and more uniform ripening. 

        Greater uniformity can be attained if the mangos are sorted according to their 

maturity stage (as indicated by firmness and ground color) and each group was treated 

accordingly with. 

         The less mature mangos receiving longer exposure to ethylene. Once ripening is 

initiated, 

         Mangos can be handled at lower temperatures (8 to 10C) to delay further ripening if 

desired. 
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        4.4.5. Time between harvesting and consumption. 

            In general, the shorter the time between harvest and consumption of fruits, 

the better the eating quality because postharvest-life based on flavor quality is 

generally about 70% of postharvest-life based on appearance quality of fruits. This 

is because of losses in sugars and organic acids used in respiration, losses of the 

fruit’s capacity to produce its characteristic aroma due to depletion of precursors, 

and/or development of off-flavors. Future research should include testing this 

relationship in the US-marketed mango cultivars. 

 

5. Quality Attributes Included in the Standards for Grades 

     5.1. Maturity Indices 

          In the US Standards for Grades of Mangos (USDA, 2007), mature means that the 

mango has reached the stage of development that will ensure the proper completion of the 

ripening process. It would be much better to include some objective maturity indices in 

future revisions of these standards. These may include fruit shape (fullness of the 

shoulders); change from dark-green to light-green to yellow of the skin’s background 

(ground) color, depending on cultivar; flesh color (percent of the flesh showing yellow 

color); minimum soluble solids content; and/or total solids (dry matter) content. 

          The definition of mature in the European Standards, both the UN Economic 

Commission of Europe Standard FFV-45 (UNECE,1991) and the CODEX Standard for 

Mangoes (CODEX,2005) is as follows: mangoes must be sufficiently developed and 

display satisfactory ripeness; mangoes must be carefully picked at the stage of 

physiological development so as to enable them to ensure a continuation of the ripening 
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process until they reach the appropriate degree of ripeness corresponding to the varietal 

characteristics, to withstand transport and handling, and to arrive in a satisfactory 

condition at the place of destination. In relation to the evolution of maturing, the colour 

may vary according to variety. The OECD booklet on mango standards (OECD,1993) 

includes photographs illustrating flesh color of immature, partially-mature, mature, and 

over-ripe mangoes, and indicating that the mature mangoes are the only allowable stage 

(see Appendix, pages 14-15). This booklet also includes the following statements: 

“Picking at too early a stage of physiological development will result in inferior flavour 

and aroma” and “harvest at an advanced stage of maturity and ripeness (senescent stage) 

may result in reduced shelf-life. Such fruit is more susceptible to harvest and post-harvest 

defect or injury.” 

          Mature in the 1993 Mango Standards of Queensland, Australia (where ‘Kensington 

Pride’ is the main cultivar produced) is defined as the fruit has reached such a state of 

development as to ensure a proper completion of the ripening process and attained a dry 

matter content of not less than 14% and the fruit is not wilted (shriveled). Dry matter 

content means the average of dry matter in a minimum of 3 mangoes determined by 

removing the flesh from both cheeks of a peeled mango, blending the flesh to a fine 

homogenous pulp, and analyzing a pulp sample of 5-10 g. Another maturity and quality 

index for ‘Kensington Pride’ mangoes is a minimum flesh color value of 27 on the 

Hunter “B” scale (measured by a Hunter Color Difference meter). There are no published 

data on total solids (dry matter) content or objective flesh color measurements as possible 

minimum maturity indices for US-marketed cultivars. However, both indices should be 

included in future studies of flavor quality when ripe vs maturity at harvest. 
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          Minimum maturity in the 1999 Mexican mango Standards (Normas Mexicanas, 

1999) is defined as follows: 

“Mangos have to present a minimum maturity. Fruit shape, taste, flesh texture, and 

aroma are factors determining physiological maturity in each variety. Physiological 

maturity can be evaluated by cutting longitudinally fruits as close to the seed as possible. 

The seed has to be visible. Mangos have to present the color characterizing the variety. 

At least 50% of the total fruit's pulp or flesh must be light-yellow, and the remaining pulp 

has to have a light creamy yellowish color, no white. Varieties Tommy Atkins and Kent 

do not show pulp color variation between the seed and the fruit cortex during maturity 

and ripening. All the pulp has to have a light creamy-yellowish color, no white.” (Normas 

Mexicanas, 1999). 

          I did not find official standards for mangos in Brazil, Ecuador, and Guatemala, but 

it is my understanding that the mango exporters in these countries use the grade standards 

of the importing country if required. Voluntary minimum maturity indices based on flesh 

color and/or soluble solids content may be used by some exporters if required by the 

importers. 

     5.2. Fruit Size 

          Size is not included in the 2007 US Standards for Grades of Mangos in contrast to 

standards of other countries. Based on discussion among exporters and importers and the 

results of studies on optimal packaging for mangoes, size categories should be 

established and included in the US Standards. 
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          Sizing is compulsory for all mangoes marketed in Europe. The minimum weight of 

mangoes must not be less than 200 g. Mangoes are sized according to their weight into 3 

categories as follows: 

_________________________________________________________________ 

Size Code          Weight range (g)         Maximum variability within a package (g) 

A                        200 – 350                                                 75 

B                        351 – 550                                                100 

C                        551 – 800                                                125_________________ 

Size tolerances for all classes are 10% by number or weight of mangoes conforming to 

half of the permissible difference of the related size group above or below the range 

specified on the package, with a minimum of 180 g in size A and a maximum of 925 g in 

size C. For cultivars where there is a weak relationship between weight and diameter, 

weight-graded fruit must also be packed to uniform diameter consistent with the 

presentation requirement of the class. 

          The Mexican Mango standards include 13 size categories ranging from 6 to 44 

fruits in 4.536-kg (10-lb) box with average fruit weight ranging from 756 to 103 g. The 

Peruvian Mango Standards (PROMPEX Peru, 2002 and 2006) have 12 size categories 

ranging from 4 to 20 fruits in 4-kg (8.8-lb) box with average fruit weight ranging from 

1000 to 200 g. I recommend evaluating the need for such a large number of size 

categories on the basis of optimal packaging requirements and preferences of the 

marketers and consumers. One important factor will be whether mangoes will be sold to 

consumers by weight or by individual fruit. Selling by weight will most likely facilitate 

transition from 12 or 13 size categories down to 5 size categories (small, medium, large, 
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extra-large, and maximum-large). These 5 categories can be set at 200-gram intervals as 

follows: 

Small …………….<200 g 

Medium………….. 201-400 g 

Large…………….. 401-600 g 

Extra-large………..601-800 g 

Maximum large…..> 800 g 

 

     5.3. Peduncle size 

          While the US Standards for Grades of Mangos allow up to one inch (2.54 cm), the 

European Standards limit peduncle length to 1 cm. It would be useful to conduct a study 

of the extent of fruit punctures caused by 1-cm vs 2.54-cm long peduncles and on the 

basis of the results of this study, modify the allowable peduncle length in the US 

Standards if necessary to reduce potential fruit damage during postharvest handling of 

mangos. 

     5.4. Defects 

        Some of the defects listed in the US Standards for Grades of Mangos can be caused 

by several conditions. For example, external (surface) discoloration can result from 

sunburn, sapburn, heat damage, scuffing and abrasions, or chilling injury. Internal 

discoloration can result from impact bruising, heat damage, chilling injury, or elevated 

carbon-dioxide injury. 
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It would be helpful to include such information in future revisions of the standards and to 

develop an illustrated guide to symptoms of the various defects and decay caused by the 

major fungi that attack mango fruits. 

     5.5. Contaminants and Hygiene 

          The CODEX Standard for Mangoes includes the following two food safety issues 

that are not covered in the US Standards: (1) Mangoes shall comply with maximum 

levels of heavy metals and pesticide residues established by the Codex Alimentarias 

Commission; and (2) Mangoes shall be prepared and handled in accordance with the 

appropriate sections of the Recommended International Code of Hygienic Practice for 

Fresh Fruits and Vegetables and other relevant Codex texts such as Codes of Hygienic 

Practices and Codes of Practice. Also, the produce shall comply with any microbiological 

criteria established in accordance with the Principles for the Establishment and 

Application of Microbiological Criteria for Foods. In the US, food safety regulations are 

the responsibility of the Food and Drug Administration (reducing microbial and heavy 

metal contamination ) and the Environmental Protection Agency (establishing and 

enforcing pesticide residue limits). 

Meanwhile, the focus of the US Standards for Grades is on quality and there is no need to 

change it. 
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6. Future Research Needs 

     6.1. Correlating subjective and objective mango flavor quality indices: 

          The objectives of this research are to correlate ripe mango composition (sugars, 

acids, odor-active aroma compounds) and textural attributes (juiciness, fiber content) 

with flavor acceptability and preference (sensory evaluation by a trained panel) and to 

identify the objective indices that can be used for good flavor quality of each of the five 

major mango cultivars marketed in the US (Ataulfo, Haden, Kent, Keitt, and Tommy 

Atkins). Some of the identified sensory quality indices can be included in future revisions 

of the US Standards for Grades of Mangos. 

     6.2. Evaluation of mango harvest maturity indices based on ripe flavor quality: 

          What are the best mango harvest maturity indices that assure good eating quality 

when ripe? This will need to be done on all the major cultivars and include flesh color 

and total solids (dry weight) among the indices to be evaluated. Both objective (sugars, 

acids, desirable aroma intensity, off-flavor-causing compounds) and subjective (sensory 

evaluation) flavor quality evaluation should be used. If this study is done after completion 

of the #1 study above, it would be possible to just use the identified objective indices of 

good flavor quality, which would reduce the time and cost needed to complete this 

harvest maturity study. Some of the identified maturity indices can be included in future 

revisions of the US Standards for Grades of Mangos. 

     6.3. Management of mango ripening to increase sales: 

          The objectives of this study are to evaluate the current recommendation for 

ripening mangos on the major cultivars and the commonly available maturity stages to 

develop more specific recommendations for optimal ripening of each cultivar and 
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maturity stage combinations. Another objective of this study is to test the impact of 

making ready-to-eat, ripe mangos available to consumers on mango sales. The results of 

this study can help in identifying the minimum harvest maturity for mangos to assure 

good flavor quality when ripe. 

     6.4. Time-temperature combinations that induce chilling injury of mangos: 

          The objectives of this research are to quantify the time-temperature combinations 

that induce the various symptoms of chilling injury of mangos (loss of flavor, failure to 

ripen properly, surface pitting, surface discoloration, flesh discoloration, increased 

susceptibility to decay). This should be done on all the major cultivars and on mature-

green and partially-ripe mangos. Based on the results of this research, the recommended 

temperatures for transport and storage of mature-green and partially-ripe mangoes will 

either be affirmed as 13 C and 10 C, respectively or changed. Strict adherence to the 

recommended temperatures and durations (sell by or use by date) by all handlers of 

mangos can contribute to improved mango quality to the consumers. 

     6.5. Developing a Mango Defects and Decay Symptoms Manual: 

        It would be very useful for all those involved in handling mangos to have a well- 

       illustrated and accurate manual of symptoms of mango defects and decay. 

7. Conclusions and Recommendations 

     7.1. I found a limited number of studies on mango cultivars that are marketed in the 

USA that focused on the impact of maturity at harvest on flavor quality of mangos when 

ripe and ready to eat. Thus, I recommend that such studies be given high priority to 

develop the information needed for selecting the best maturity index or indices for these 

cultivars. Until such information becomes available, I recommend that flesh color (more 
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than 75% of the area showing yellow color; stage #3 in the photograph shown below) be 

used for each cultivar grown in each production area be related to external factors 

including fruit size, fruit shape (fullness of the shoulders), and skin ground color (change 

from dark-green to light-green to yellowish-green). Then, the harvest crews should be 

trained to pick only those mangos that match the maturity indices. 

Maturity & Ripeness Stages of Kent Mangos
1               2                 3               4             5

RipePartially-ripeMaturePartially-matureImmature

 

7.2. Future studies on maturity indices should include total solids or dry matter content to 

find out whether or not such an index is reliable for the US-marketed five major mango 

cultivars. Total solids is a more reliable index for predicting flavor quality because it 

includes both the soluble solids (about 90% sugars) and the starch content that will be 

converted to sugars as the mango ripens.  

7.3. I recommend including five size categories (small, medium, large, extra-large, and 

maximum large) based on ranges of fruit weight in the US Standards for Grades. 

Establishing a minimum size for mangos will help reduce the problem of immature fruit 
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reaching the market because within each cultivar and production are, the smaller mangos 

will likely include a higher percentage of immature fruit. Replacing size classification on 

the basis of number of mangos per box to fruit weight will provide better opportunities 

for selecting better shipping containers that provide more protection of the fruit and 

greater stability of the pallets. Selling mangos at retail by weight will facilitate 

implementation of this proposal. 

7.4. Other potential modifications of the US Standards for Grades include reducing the 

maximum allowed length of the peduncle from one inch (2.54 cm) to 1 cm  to reduce 

potential punctures to adjacent fruit and focusing the list of defects on those that are most 

important based on the current NMB-funded survey of mango quality at various steps in 

the handling chain.  

7.5. Publishing a manual showing clear photographs of mango defects and decay 

symptoms and their causes would be very useful to all those involved in the mango 

business. The mango experts in Australia are preparing such a manual for their cultivars 

(Kensington and Calypso) and I am working with Dr. Peter Hofman to use the same 

terminology for the various mango defects. 
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NORMA DEL CODEX PARA EL MANGO 

(CODEX STAN 184-1993, EMD. 1-2005) 

1. DEFINICIÓN DEL PRODUCTO 

 Esta Norma se aplica a las variedades comerciales de mangos obtenidos de Mangifera indica L., de la 
familia Anacardiaceae, que habrán de suministrarse frescos al consumidor, después de su acondicionamiento 
y envasado.  Se excluyen los mangos destinados a la elaboración industrial. 

2. DISPOCISIONES RELATIVAS A LA CALIDAD 

2.1 REQUISITOS MÍNIMOS 

 En todas las categorías, a reserva de las disposiciones especiales para cada categoría y las tolerancias 
permitidas, los mangos deberán:  

- estar enteros; 

- estar sanos, deberán excluirse los productos afectados por podredumbre o deterioro que hagan que no 
sean aptos para el consumo; 

- estar limpios, y prácticamente exentos de cualquier materia extraña visible; 

- estar prácticamente exentos de daños causados por plagas; 

- estar exentos de humedad externa anormal, salvo la condensación consiguiente a su remoción de una 
cámara frigorífica; 

- estar exentos de cualquier olor y/o sabor extraños; 

- ser de consistencia firme; 

- tener un aspecto fresco; 

- estar exentos de daños causados por bajas temperaturas; 

- estar exentos de manchas necróticas negras ó estrías; 

- estar exentos de magulladuras marcadas; y 

- estar suficientemente desarrollados y presentar un grado de madurez satisfactorio. 

 Cuando tengan pedúnculo, su longitud no deberá ser superior a 1.0 cm.   

2.1.1 El desarrollo y condición de los mangos deberán ser tales que les permitan: 

- asegurar la continuidad del proceso de maduración hasta que alcancen el grado de madurez adecuado, 
de conformidad con las características peculiares de la variedad; 

- soportar el transporte y la manipulación; y 

- llegar en estado satisfactorio al lugar de destino. 

 En relación con el proceso de maduración, el color puede diferir según la variedad. 

2.2 CLASIFICACIÓN 

 Los mangos se clasifican en tres categorías, según se definen a continuación: 

2.2.1 Categoría “Extra” 

 Los mangos de esta categoría deberán ser de calidad superior y característicos de la variedad.  No 
deberán tener defectos, salvo defectos superficiales muy leves siempre y cuando no afecten al aspecto 
general del producto, su calidad, estado de conservación y presentación en el envase. 
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2.2.2 Categoría I 

 Los mangos de esta categoría deberán ser de buena calidad y característicos de la variedad.  Podrán 
permitirse, sin embargo, los siguientes defectos leves, siempre y cuando no afecten al aspecto general del 
producto, su calidad, estado de conservación y presentación en el envase: 

- defectos leves de forma; 

- defectos leves de la cáscara debidos a rozaduras o quemaduras producidas por el sol, manchas 
suberizadas debidas a la exudación de resina (incluidas estrías alargadas) y magulladuras ya sanadas 
que no excedan de 3, 4 y 5 cm² para los grupos de calibres A, B y C, respectivamente. 

2.2.3 Categoría II 

 Esta categoría comprende los mangos que no pueden clasificarse en las categorías superiores, pero 
satisfacen los requisitos mínimos especificados en la Sección 2.1.  Podrán permitirse, sin embargo, los 
siguientes defectos, siempre y cuando los mangos conserven sus características esenciales en lo que respecta 
a su calidad, estado de conservación y presentación: 

- defectos de forma; 

- defectos de la cáscara debidos a rozaduras o quemaduras producidas por el sol, manchas suberizadas 
debidas a la exudación de resina (incluidas estrías alargadas) y magulladuras ya sanadas que no excedan 
de 5, 6 y 7 cm² para los grupos de calibres A, B y C, respectivamente. 

 En las categorías I y II se permite la presencia de lenticelas rojizas suberizadas esparcidas, así como el 
amarilleamiento de las variedades de color verde, debido a una exposición directa a la luz solar, pero sin que 
exceda del 40% de la superficie ni se observen señales de necrosis. 

3. DISPOSICIONES RELATIVAS A LA CLASIFICACIÓN POR CALIBRES 

 El calibre se determina por el peso de la fruta, de acuerdo con el siguiente cuadro: 

Código de Calibre Peso 
(en gramos) 

A 200-350 

B 351-550 

C 551-800 

 La diferencia máxima de peso permisible entre las frutas contenidas en un mismo envase que 
pertenezcan a uno de los grupos de calibres mencionados anteriormente será de 75, 100 y 125 g 
respectivamente.  El peso mínimo de los mangos no deberá ser inferior a 200 g. 

4. DISPOSICIONES RELATIVAS A LAS TOLERANCIAS 

 En cada envase se permitirán tolerancias de calidad y calibre para los productos que no satisfagan los 
requisitos de la categoría indicada. 

4.1 TOLERANCIAS DE CALIDAD 

4.1.1 Categoría “Extra” 

 El 5%, en número o en peso, de los mangos que no satisfagan los requisitos de esta categoría pero 
satisfagan los de la Categoría I o, excepcionalmente, que no superen las tolerancias establecidas para esta 
última. 



 CODEX STAN 184 Página 3 de 5 

 

4.1.2 Categoría I 

 El 10%, en número o en peso, de los mangos que no satisfagan los requisitos de esta categoría pero 
satisfagan los de la Categoría II o, excepcionalmente, que no superen las tolerancias establecidas para esta 
última. 

4.1.3 Categoría II 

 El 10%, en número o en peso, de los mangos que no satisfagan los requisitos de esta categoría ni los 
requisitos mínimos, con excepción de los productos afectados por podredumbre o cualquier otro tipo de 
deterioro que haga que no sean aptos para el consumo. 

4.2 TOLERANCIAS DE CALIBRE 

 Para todas las categorías se permite que, como máximo, el 10%, en número o en peso, de los mangos 
contenidos en cada envase no se ajuste a los límites de calibre del grupo en un 50% de la diferencia máxima 
permisible para el grupo.  Para la categoría de menor calibre, la fruta no debe pesar menos de 180 g, y para la 
de mayor calibre se aplica un máximo de 925 g, según se indica a continuación: 

Grupo de 
calibre 

Límites normales Límites permisibles 
(≤ 10% de la fruta/ envase 

fuera de los límites normales) 

Diferencia máxima 
permisible entre las frutas de 

cada envase 

A 200 - 350 180 - 425 112,5 

B 351 - 550 251 - 650 150 

C 551 - 800 426 - 925 187,5 

5. DISPOSICIONES RELATIVAS A LA PRESENTACIÓN 

5.1 HOMOGENEIDAD 

 El contenido de cada envase deberá ser homogéneo y estar constituido únicamente por mangos del 
mismo origen, variedad, calidad y calibre.  La parte visible del contenido del envase deberá ser 
representativa de todo el contenido. 

5.2 ENVASADO 

 Los mangos deberán envasarse de tal manera que el producto quede debidamente protegido.  Los 
materiales utilizados en el interior del envase deberán ser nuevos1, estar limpios y ser de calidad tal que evite 
cualquier daño externo o interno al producto.  Se permite el uso de materiales, en particular papel o sellos, 
con indicaciones comerciales, siempre y cuando estén impresos o etiquetados con tinta o pegamento no 
tóxico. 

 Los mangos deberán disponerse en envases que se ajusten al Código Internacional de Prácticas 
Recomendado para el Envasado y Transporte de Frutas y Hortalizas Frescas (CAC/RCP 44-1995, Emd. 1-
2004). 

5.2.1 Descripción de los Envases 

 Los envases deberán satisfacer las características de calidad, higiene, ventilación y resistencia 
necesarias para asegurar la manipulación, el transporte y la conservación apropiados de los mangos.  Los 
envases (o lote, para productos presentados a granel) deberán estar exentos de cualquier materia y olor 
extraños.   

                                                      
1  Para los fines de esta Norma, esto incluye el material recuperado de calidad alimentaria. 
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6. MARCADO O ETIQUETADO 

6.1 ENVASES DESTINADOS AL CONSUMIDOR 

 Además de los requisitos de la Norma General del Codex para el Etiquetado de Alimentos 
Preenvasados (CODEX STAN 1-1985, Rev. 1-1991), se aplicarán las siguientes disposiciones específicas: 

6.1.1 Naturaleza del Producto 

 Si el producto no es visible desde el exterior, cada envase deberá etiquetarse con el nombre del producto 
y, facultativamente, con el de la variedad. 

6.2 ENVASES NO DESTINADOS A LA VENTA AL POR MENOR 

 Cada envase deberá llevar las siguientes indicaciones en letras agrupadas en el mismo lado, marcadas 
de forma legible e indeleble y visibles desde el exterior, o bien en los documentos que acompañan el envío.  
Para los productos transportados a granel, estas indicaciones deberán aparecer en el documento que 
acompaña a la mercancía. 

6.2.1 Identificación 

 Nombre y dirección del exportador, envasador y/o expedidor.  Código de identificación (facultativo)2. 

6.2.2 Naturaleza del Producto 

 Nombre del producto si el contenido no es visible desde el exterior.  Nombre de la variedad o tipo 
comercial (facultativo).   

6.2.3 Origen del Producto 

 País de origen y, facultativamente, nombre del lugar, distrito o región de producción. 

6.2.4 Especificaciones Comerciales 

- Categoría; 

- Calibre (código de calibre o gama de pesos en gramos); 

- Número de unidades (facultativo); 

- Peso neto (facultativo). 

6.2.5 Marca de Inspección Oficial (facultativa) 

7. CONTAMINANTES 

7.1 METALES PESADOS 

 Los mangos deberán cumplir con los niveles máximos para metales pesados establecidos por la 
Comisión del Codex Alimentarius para este producto. 

7.2 RESIDUOS DE PLAGUICIDAS 

 Los mangos deberán cumplir con los límites máximos para residuos de plaguicidas establecidos por la 
Comisión del Codex Alimentarius para este producto.   

                                                      
2  La legislación nacional de algunos países requiere una declaración expresa del nombre y la dirección.  Sin 

embargo, en caso de que se utilice una marca en clave, habrá de consignarse muy cerca de ella la referencia al 
“envasador y/o expedidor” (o a las siglas correspondientes). 
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8. HIGIENE 

8.1 Se recomienda que el producto regulado por las disposiciones de la presente Norma se prepare y 
manipule de conformidad con las secciones apropiadas del Código Internacional Recomendado de Prácticas - 
Principios Generales de Higiene de los Alimentos (CAC/RCP 1-1969, Rev. 4-2003), Código de Prácticas de 
Higiene para Frutas y Hortalizas Frescas (CAC/RCP 53-2003) y otros textos pertinentes del Codex, tales 
como códigos de prácticas y códigos de prácticas de higiene. 

8.2 Los productos deberán ajustarse a los criterios microbiológicos establecidos de conformidad con los 
Principios para el Establecimiento y la Aplicación de Criterios Microbiológicos a los Alimentos (CAC/GL 
21-1997).   
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AVAILABLE INFORMATION AND IDENTIFICATION OF FUTURE RESEARCH 
NEEDS : APPENDIX 
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9. Appendix: Quality Standards for Mangos: 
 
USDA. 2007. United States Standards for Grades of Mangos. U.S.Dept.Agric., Agric. 
Mktg. Serv., Fruit and Vegetable Program, Fresh Products Branch, Washington, D.C., 5p. 
( http://www.ams.usda.gov/standards/MANGOS.pdf )..... pages 2-7. 
 
CODEX. 2005. CODEX Standard for Mangoes. CODEX STAN 184-1993, AMD 1-2005 
(http://www.codexalimentarius.net/web/more_info.jsp?id_sta=315)..... Pages 8-11 
 
OECD. 1993. International Standardisation of Fruit and Vegetables: Mangoes. 
Organization for Economic Co-operation and Development Publications, Paris, France, 
61p. (ISBN 92-64-03893-0-No. 46751)…..pages 12-15 
 
UNECE. 1991. UNECE Standard FFV-45 concerning the marketing of commercial 
quality control of mangoes moving in international trade between and to UNECE 
member countries. United Nations Economic Commission for Europe, Geneva, 
Switzerland.( http://www.unece.org/trade/agr/standard/fresh/fresh_e/45mang.pdf )..... 
very similar to CODEX Standard for Mangoes. 
 
Comision para la Promocion de Exportaciones (PROMPEX Peru). 2006. Guia de 
Interpretación de la Norma de Requisitas del Mango Fresco. Guia Peruana GP 011.024, 
Comision de Reglamentos Tecnicos y Comerciales-INDECOPI, Lima, Peru, 
33p…..pages 16-18. 
 
Normas Mexicanas. 1999. NMX-FF-058-1999, Fresh fruit, Mango (Mangifera indica L), 
Specifications (in Spanish). Normas Mexicanas, Direccion General de Normas. 
(http://www.colpos.mx/bancodenormas/nmexicanas/NMX-FF-058-1999.PDF) ..... pages 19-28. 
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