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Metabolismo dei lipidi e composizio-
ne zuccherina in frutti di Avocado in
pre e postraccolta

Riassunto. Nello studio della maturazione dell’avo-
cado il metabolismo dei lipidi in pre e postraccolta
assume un ruolo fondamentale poiché la parte edibile
del frutto è caratterizzata quasi esclusivamente dal-
l’accumulo di grassi. Occorre comprendere anche le
variazioni nella composizione zuccherina poiché la
formazione degli acidi grassi è legata al glicerolo, un
prodotto del metabolismo degli zuccheri. 

Parole chiave: Avocado, persea americana, acidi
grassi, zuccheri, lipidi, carboidrati, maturazione

Introduction

Avocado (Persea Americana Mill) is mainly

grown in Mexico, USA and Indonesia (Anon., 2000).

However, the cultivation of avocado is expanding into

some non-traditional localities, such as Sicily and

Calabria in the Mediterranean area (Ozdemir &

Topuz  2004). The avocado is a berry fruit with a dark

green leathery skin and a very large seed. Avocado is

an unusual fruit in that it can be held on the tree for

very long periods after reaching physiological maturi-

ty. In fact, fruits are picked when they are mature but

unripe and, therefore, have the advantage of being left

on the tree during the season and harvested repeated-

ly. In some environments, fruit can be held on the tree

for one year or more after physiological maturity.

From a nutritional point of view, avocado is an

important and high caloric fruit and is relatively rich

in certain vitamins, dietary fiber, minerals, and

nitrogenous substances (tab. 1). Avocado fruit is used

as a high energy food source for its high content of

lipids (Mazliak, 1965; Mazliak, 1961; Tango et al.,
1972; Gaydou et al, 1978). The mesocarp tissue of the

fruit is composed of 72 g/100 g water, 15.4 g/100 g

total lipids, 1.96 g/100 g protein, 6.8 g/100 g fiber,

total sugars 0.3 g/100 g, 8.64 g/100 g carbohydrates,

1.66 g/100 g ash, besides the presence of almost all

important vitamins and minerals (Dreher and

Davenport, 2013). Indeed its high content of fatty

acids is one of its distinguishing characteristics. In

particular, avocado mesocarp tissue has inherently

high concentrations of unsaturated fatty acids and

seven-carbon (C7) carbohydrates. Several studies

(Colquhoun et al., 1992; Alvizouri-Munoz et al.,
1992; Lerman-Garber et al., 1994; Carranza et al.,
1995; Lopez-Ledesma et al. ,  1996; Carranza-

Madrigal et al., 1997; Dreher &Davemport, 2013)

suggest that avocado enriched diets have a positive

effect on blood lipids compared to low-fat, high car-

bohydrate diets. High dietary intake of these fatty

acids has been related to a decreased risk of cardio-

vascular disease (Lopez-Ledesma et al., 1996;

Mendez and Hernandez, 2007) and seem to have posi-

tive effects on weight control (Bes-Rastrollo et al.,
2008). Research has shown that diets rich in avocado

fruit may contribute to lowering cholesterol levels

(Grant, 1960; Ledesma et al. , 1996). D-

Mannoheptulose (Board et al., 1995) and its reduced

form polyol, perseitol (Ishizu et al., 1992), have been

reported to have anticancer activity. 

In addition, avocados are a rich source of bioactive

phytochemicals such as vitamin E, some carotenoids,

vitamin C, phenols, and sterols (mainly ß-sitosterol),

among others (Ding et al., 2007; Lu et al., 2005) which

have been shown to possess antioxidant and radical

scavenging activities. Avocado fruit has been found to

be a good source of phytosterols in respect to other

fruits (tab. 2) (Piironen et al., 2003). β-Sitosterol is the

main phytosterol found in fruits, and its proportion

ranges between 72% and 86% (Piironen et al., 2003). 
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Nutrient/phytochemical Value per 100 g 1 fruit, 136 g
1/2 fruit, 68 g

(NHANES cating occasion)
1 serving, 30 g

(NLEA serving)

Proximates

Water (g) 72.3 98.4 49.2 21.7

Energy (k cal) 167 227 114 50

Energy (k cal) )insoluble fiber adjusted 148 201 101 44

Protein (g) 1.96 2.67 1.34 0.59

Total lipid (fat) (g) 15.4 21.0 10.5 4.62

Ash (g) 1.66 2.26 1.13 0.50

Carboydrate, by difference (g) 8.64 11.8 5.90 2.59

Fiber, total dictary (g) 6.80 9.20 4.60 2.00

Sugars, total (g) 0.30 0.41 0.21 0.09

Starch (g) 0.11 0.15 0.08 0.03

Minerals

Calcium (mg) 13.0 18.0 9.0 4.0

Iron (mg) 0.61 0.83 0.42 0.18

Magnesium (mg) 29.0 39.0 19.5 9.0

Phosphurus (mg) 54.0 73.0 36.5 16.0

Potassium (mg) 507 690 345 152

Sodium (mg) 8.0 11.0 5.5 2.0

Zinc (mg) 0.68 0.92 0.46 0.20

Copper (mg) 0.17 0.23 0.12 0.05

Manganese (mg) 0.15 0.20 0.10 0.05

Selenium (µg) 0.40 0.50 0.25 0.10

Vitamins and Phytochemical

Vitamin C (mg) 8.80 12.0 6.0 2.60

Thiamin (mg) 0.08 0.10 0.05 0.02

Riboflavin (mg) 0.14 0.19 0.09 0.04

Niacin (mg) 1.91 2.60 1.30 0.57

Pantothnic acid (mg) 1.46 2.0 1.0 0.44

Vitamin B-6 (mg) 0.29 0.39 0.19 0.09

Folate food (µg) 89.0 121 60.5 27.0

Choline total (mg) 14.2 19.3 9.65 4.30

Betaine (mg) 0.7 1.0 0.5 0.2

Vitamin B-12 0 0 0 0

Vitamin A (µg RAE) 7.0 10.0 5.0 2.0

β-Carotene (µg) 63.0 86.0 43.0 19.0

α-Carotene (µg) 24.0 33.0 16.5 7.0

β-Cryptoxantin (µg) 27.0 37.0 18.5 8.0

Lutein + zeaxanthin (µg) 271 369 185 81

Vitamin H (α-tocopherol) (mg) 1.97 2.68 1.34 0.59

β-tocopherol (mg) 0.04 0.05 0.03 0.01

γ-tocopherol (mg) 0.32 0.44 0.22 0.10

∆-tocopherol (mg) 0.02 0.03 0.02 0.01

Vitamin K
1

(phylloquinone) (µg) 21.0 28.6 14.3 6.30

Tab. 1 - Nutritional profile of US-grown avocados and avocado oil (per 100 g). Source: USDA in Dreher and Davenport (2013). 
Tab. 1 - Profilo nutrizionale di frutti e olio di avocado raccolti negli USA (per 100 g). Fonte: USDA in Dreher e Davenport (2013).

segue
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Avocado fruit as a high-fat fruit, contains rare sug-

ars of high carbon number, (Yahia 2009b). An edible

portion of 100 g of avocado contains 2.1 g of saturat-

ed fatty acids, 8.9 g of monounsaturated fatty acids,

and 1.8 g of polyunsaturated fatty acids (tab. 1). It is

important to note that this fruit has a good balance of

omega fatty acids 3, 6, and 9 (Ortiz et al., 2003). The

proximate analysis of avocado fatty acids is presented

in table 3.

Harvest

Determining the commercial maturity of the avo-

cado is difficult because the start of ripening is not

accompanied by evident visible external changes,

with the exception of Hass cultivar, whom late season

fruit change skin colour from green to purple/black

(Cox et al., 2004). Plumbley et al. (1989) investigated

the change in fruit growth rate to predict the earliest

harvest date based on the assumption that growth rate

would be minimal at maturity. However, this method

was unreliable because of variability among cultivars

and production locations. 

Fruit maturity and picking time are determined

according to only two external markers (colour and

size), or by measuring oil content in the flesh

(Werman and Neeman, 1987; Lee et al., 1983; Kaiser,

1994).  Since it is highly correlated to the dry matter

(DM) content of the fruit (98%) (Ranney, 1991), it is

frequently used as a maturity indicator and a quality

evaluation parameter. 

Oil content is the best harvest maturity index for

avocado (Hofman et al., 2002). Even % DM is used

routinely as the maturity index in Australia, Israel,

Nutrient/phytochemical Value per 100 g 1 fruit, 136 g
1/2 fruit, 68 g

(NHANES cating occasion)
1 serving, 30 g

(NLEA serving)

Lipids

Fatty  acids (total saturated) (g) 2.13 2.90 1.45 0.64

16:0 (g) 2.08 2.82 1.41 0.62

Fatty  acids (total monosaturated) 9.80 13.3 6.65 2.94

18:1 9.07 12.3 6.15 2.71

Fatty  acids (total polyunsaturated) 1.82 2.47 1.24 0.55

18:2 (g) 1.67 2.28 1.14 0.50

18.3 0.13 0.17 0.09 0.04

Cholesterol (mg) 0 0 0 0

Sigmasterol (mg) 2.0 3.0 1.5 1.0

Campesterol (mg) 5.0 7.0 3.5 2.0

Betasitosterol (mg) 76.0 103 51.5 23.0

Tab. 1 - Nutritional profile of US-grown avocados and avocado oil (per 100 g). Source: USDA in Dreher and Davenport (2013). 
Tab. 1 - Profilo nutrizionale di frutti e olio di avocado raccolti negli USA (per 100 g). Fonte: USDA in Dreher e Davenport (2013).

Tab. 2 - Plant sterol of some tropical and subtropical fruit. Source: Normen et al. (1999), Piironen et al. (2003) in Shaffer et al. (2012).
Tab. 2 - Steroli vegetali in differenti frutti tropicale e subtropicali. Fonte: Normen et al. (1999), Piironen et al. (2003) in Shaffer et al. (2012).

Fruit Campesterol Stigmasterol Sitosterol Total Phytosterols

Avocado 4.1 0.3 61.8 75.2

Banana
1.5 1.8 11 14

1.3 1.3 8.4 11.6

Grapefruit
2.5 1.0 15 18

1.4 0.2 14.3 20.0

Kiwi 0.44 1.4 7.2 9.1

Lemon 3.3 1.3 13 18

Orange
3.0 1.0 20 24

3.4 0.9 17 22.8

Passion fruit 8.8 0.62 34 44

Pineapple 3.8 0.44 11 17

Watermelon 0.18 0.26 0.91 1.3
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changes during ripening are softening, and in some

cultivars, exocarp (skin, rind) colour change, but

many physiological changes accompany the process.

On a macro-level, the two major phenomena are the

respiratory and ethylene climacterics (Biale and

Young, 1971). The postharvest ripening process is

related to the amount of surrounding and endogenous

ethylene, which increase the respiration rate (Ornelas

& Yahia, 2004). Pesis et al. (1978) found a direct cor-

relation between cellulase activity and softening, res-

piration, and ethylene production. Similarly, Awad

(1977) found a strong correlation between the rapid

increases in cellulase content after harvest, the cli-

macteric rise in respiration, and softening of the avo-

cado fruit, where edible softness occurred before

maximum cellulase levels were reached. However,

many structural and physiological changes, both cata-

bolic and anabolic (Seymour and Tucker, 1993) also

occur, which result in the final softening and

organoleptic changes. These involve enzymatic and

structural modifications, as well as production of

volatiles (Obenland et al., 2012). Lipids accumulate

during avocado fruit development and constitute ca.

70% of dry matter at maturity. Oil accumulates until

harvest ranging between 9 and 14% depending on cul-

tivar, cultural practices and location. Structural lipids

are part of the cell membrane (phospholipids and gly-

colipids) and storage lipids (triglycerides) are in the

idioblasts (Requejo-Tapia, 1999).

Lipids metabolism

From morphological and physiological viewpoints

of fruit development, the avocado fruit deviated from

most investigated fruits in its method of development

in that cell division remained an important factor in

fruit growth as long as the fruit remained on the tree

(Schroeder, 1953). Furthermore, a large droplet of

reserve lipids was deposited in each indioblast, a large

specialized type of cell found in the mesocarp tissue.

Saturated, monounsaturated and polyunsaturated fatty

acids represented about 9, 76, and 15%, respectively

of the total fatty acids quantified. The edible portion of

the fruit is rich in oleic, palmitic, linoleic, and palmi-

toleic acids, whereas stearic acid is present only in

trace amounts (Villa-Rodriguez, et al., 2011; Lu et al.,
2009). Among fatty acids (tab. 3) only four acids

(palmitic and palmitoleic acids with sixteen carbons

and oleic and linoleic acids with eighteen carbons)

represented more than 95% of the fatty acids in the

fruits (Mazliak, 1965). Oleic acid was found to be the

main fatty acid in ‘Hass’ avocado (tab. 4), represent-

ing around 67 to 70% of total fatty acids, whereas rela-

New Zealand, Chile and the United States, while

South Africa uses flesh moisture content (Swarts,

1978). Pectin methyl esterase (PME) activity

decreased more rapidly after harvest in less mature,

compared with more mature fruit (Zauberman and

Schiffmann-Nadel, 1972). On this basis it was sug-

gested that PME activity might be a maturity indica-

tor, but also considered unsuitable as a maturity index

for its large variability during different harvest sea-

sons (Kaiser et al., 1995). 

Fruit firmness has been used for many years as a

measure of avocado ripeness. Fruit bounce firmness

measurement and acoustic impulse transmission tech-

nologies are used to separate fruits, such as avocados

and mangoes, based on their firmness. 

Nuclear Magnetic Resonance (NMR) spectroscopy

has potential for estimation of oil content (Chen et al.,
1993), also for in-line maturity testing in the pack-

house (Kim et al., 1999), with correlation coefficients

(r) of up to 0.98 with oil content measured by soxhlet

extraction and NMR (Barry et al., 1983). 

Ripening

Avocado ripening is a process whereby physiolog-

ical and physical changes take place which make fruit

attractive and palatable for consumption (Bower and

Cutting, 1988). The ripening process in avocado fruit

is unusual, in that softening and most other ripening

characteristics do not normally occur in fruit firmly

attached to the tree, but are initiated only after harvest

and completing within 5–7 days following harvest

(Seymour & Tucker, 1993). It seems that there is a

flow of inhibitive components from the leaves to the

fruit, preventing fruit from softening on the tree

(Werman & Neeman, 1987). The most obvious

Tab. 3 - Typical fatty acid composition of oils from different
fruits. Source: Salas et al., 2000.

Tab. 3 - Contenuto di acidi grassi in olii di frutti differenti. Fonte:
Salas et al., 2000.

Fatty acid
Composition (%)

Olive Avocado Palm

12:0 nd nd < 0.1

14:0 nd nd 0.9 - 1.1

16:0 10 - 18 9 - 13 43.1 - 45.3

16:1 0.7 - 2.4 2.8 - 4.0 0.7 - 0.3

18:0 2.3 - 2.5 0.4 - 1.0 4.0 - 4.8

18:1 57 - 78 69 - 74 38.4 - 40.8

18:2 7 - 19 10 - 14 9.4 - 11.1

18:3 0.6 - 0.8 1 - 2 0.1 - 0.4

20:0 0.4 -0.5 < 0.1 0.1 - 0.4

20:1 < 0.3 nd nd
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tive contents of palmitic, linoleic, palmitoleic, and

alpha-linolenic acids were 13.5, 12.6, 3.26 and 1% of

total fatty acids, respectively (Villa-Rodriguez, et al.,
2011). Fatty acid composition varied in relation to

changes in dry matter content and maturity stage

(Ozdemir and Topuz, 2004; Villa-Rodriguez et al.,
2011), growing conditions (Landahl et al., 2009;

Donetti and Terry, 2014) and during postharvest ripen-

ing (Ozdemir and Topuz, 2004). In general, there was

a significant increase in total content of monounsatu-

rated and saturated fatty acids and a decrease of

polyunsaturated fatty acids during the ripening period

(tab. 4) (Villa-Rodriguez, et al., 2011; Lu et al., 2009).

These changes have been related to the oxidative

degradation of fatty acids (Richard et al., 2008).

Davenport and Ellis (1959) indicated that the

monoenoic acid was synthesized during a long period

of fruit development, while the saturated and polyun-

saturated fatty acids were synthesized only in the pri-

mary stage of growth. Moreover, Hulme (1971) noted

that the proportion of oleic acid increases faster than

the other fatty acids by retarding the harvest. Ozdemir

& Topuz (2004) noted that palmitic, palmitoleic, oleic

and linoleic acids were found to be major fatty acids in

oil of avocado Hass and Fuerte harvested from

November to January. In January, stearic acid was not

present for either variety, nor could linolenic acid be

detected in the Hass variety. In general, oleic acid was

the only fatty acid which increased continuously from

November to January in both varieties whereas

palmitic acid, in particular, showed a decrease (tab. 5).

The biosynthesis of triglyceride in avocado fruit

was demonstrated by Barron and Stumpf in 1962.

Microsomes isolated from avocado mesocarp appear

to synthesize glycerides via a pathway essentially

similar to the system in animal tissue. The route,

called the Kennedy and Kornberg pathway proceeds

from glycerophosphate to phosphatidic acid to diglyc-

erides and finally to triglycerides (Salas et al., 2000).

The lipid content of the avocado mesocarp increased

during fruit development, whereas the content of

water was reduced and its growth almost ceased

before the fruit showed its maximum, accumulation

of reserve lipid (Kikuta & Erickson, 1968). During

the phase of rapid lipid synthesis, oleic acid was pre-

dominantly synthesized, and eventually deposited as

triglyceride in the mesocarp tissue of the fruit (Kikuta

& Erickson, 1968). The biochemistry of lipid metabo-

lism in avocado has been recently reviewed (Salas et
al., 2000). The all-important precursor for de novo

fatty acid biosynthesis is acetyl-CoA. The necessary

participation of a chloroplast acetyl-CoA carboxylase

for the production of long chain fatty acids from

[14C] acetate in avocado tissues has been assessed.

Tab. 4 - Changes in the fatty acid content of Hass avocado mesocarp at four ripeness stages (mg/100 g FW). Source: Villa-Rodriguez et
al., 2011.

Tab. 4 - Composizione acidica della polpa di frutti di avocado cv Hass in quattro distinti stadi di maturazione (mg/100 g PF). Fonte:
Villa-Rodriguez et al., 2011

Fatty acid
Ripeness stage

RS1 RS2 RS3 RS4

Tridecanoic (13:0) nd nd nd 0.284

Myristic (14:0) trace trace 0.029 ± 0.004b 0.0675 ± 0.005a

Palmitic (16:0) 28.23 ± 2.25b 24.33 ± 2.31b 29.43 ± 1.55b 44.81 ± 3.19a

Stearic (18:0) 0.12 ± 0.001c 1.04 ± 0.001b 1.17 ± 0.11b 3.43 ± 0.25a

Total SFA 28.35 ± 2.251c 25.37 ± 2.32d 30.62 ± 1.66b 48.3 ± 3.44a

Palmitomeic (16:1) 9.58 ± 0.30c 9.03 ± 0.98c 12.71 ± 0.58b 14.66 ± 0.43a

Cis-10-heptadecenoic (17:1) traced 0.25 ± 0.005c 0.35 ± 0.01b 0.42 ± 0.02a

Oleic (18:1) 299.46 ± 11.31a 187 ± 17.47c 242.26 ± 4.9b 297.76 ± 12.36a

Total MFA 309.04 ± 11.61b 196.28 ± 18.45d 255.32 ± 5.49c 312.84 ± 12.81a

Cis-13,16-Docosadienoic (22:2) nd nd trace 1.69 ± 0.02

Linoleic (18:2) 51.09 ± 4.08a 29.94 ± 3.18b 37.31 ± 1.07b 50.06 ± 2.16a

α-Linolenic (18:3) 13.95 ± 0.23a 10.70 ± 0.29b 6.81 ± 0.75c 11.53 ± 0.20b

Total PFA 65.04 ± 4.31a 40.64 ± 3.47d 44.12 ± 1.82c 63.28 ± 2.38b

M/S ratio 10.9a 7.73c 8.33b 6.47d

P/S ratio 2.29a 1.6b 1.44c 1.31d

M + P/S ratio 13.19a 9.33b 9.77b 7.78c

Values are the mean of three indipendent determinations ± standard error (n=9). Different superscript letter in the same fatty acid indicate
significant difference (p<0.05). SFA: saturated fatty acid; MFA: monosaturated fatty acid; PFA: polyunsaturated fatty acid; nd: not detected



Farina e Reig

6

The products of fatty acid syntheses are mainly C16

or C18 saturated acyl chains. The fatty acid composi-

tion of the lipids of avocado fruit and avocado oil dif-

fers greatly with cultivar, stage of ripening, anatomi-

cal region of the fruit, and geographic location

(Kikuta et al., 1968; Itoh and others 1975; Lu et al.,
2005, Landahl et al., 2009). Ferreyra et al (2016)

studied that the contents of oleic, palmitic, and palmi-

toleic acids were influenced by climatic and nutrition-

al factors: in localities with lower temperatures, the

18-carbon fatty acid content increased, and the 16-

carbon fatty acid content decreased (tab. 6). A higher

proportion of monounsaturated to saturated fatty acids

in avocados grown in cooler climates (Requejo-Tapia,

1999) have been related to a mechanism to confer

more fluidity to the membranes (Catala, 2009). The

fatty acid profile is the result of the adaptation to the

environment (Blakey, 2011) and even they have

recently been proposed as potential biomarkers to dis-

tinguish avocado fruit growing areas (Donetti and

Terry, 2014).

However, after harvest, the oil content and the

fatty acid composition of the oil change differently

with the avocado varieties, harvesting time and post-

harvest ripening period (Pederschi et al., 2015;

Ozdemir and Topuz, 2004). The oleic acid did not

change within 8 days of shelf life, whereas palmitic

generally decrease and linolenic increase. Changes in

classes of avocado lipids were observed during stor-

age (Luza et al., 1990). There were reductions in the

rate of triglyceride synthesis and diglyceride content

as well as marked increases in monoglyceride and

free fatty acid fractions, suggesting that lipids were

involved to some extent in metabolic changes during

the ripening process. In particular, the saturated fatty

acids and the polyunsaturated fatty acids tended to

increase (Davemport & Ellis, 1959). The fatty acid

composition did not change significantly during 2, 4

and 6 weeks storage at 0°, 5° and 10°C or after ripen-

ing at 20°C subsequent to the cold storage treatments

(Eaks, 1990) Minimal change in the fatty acid compo-

sition has been reported during postharvest. The

increased oil concentration reported during storage

and ripening were related to postharvest dehydration

and the increased oil concentration during ripening

was attributed to increased lipid recovery due to par-

tial cell wall breakdown (Mostert et al., 2007; Meyer

and Terry, 2008).

Oil content and dry matter

Oil content is a very desirable attribute for avoca-

dos. Its concentration of avocado fruit increases dur-

ing fruit development and is a significant determinant

of eating quality (Meyer and Terry, 2008). This

increase, as well, is possibly due to the action of cell

wall degrading enzymes causing the oil to be liberated

from the cellular bodies (idioblastic), making it more

Tab. 5 - Changes in the fatty acid content of Hass and Fuerte avocados oil at tree ripeness stages (mg/100 g FW). Source: Ozdemir and
Topuz (2004).

Tab. 5 - Composizione acidica dell’olio di avocado Cv Hass e Fuerte in tre epoche di maturazione (mg/100 g PF). Fonte: Ozdemir e
Topuz (2004).

Fatty acids Cultivars
Harvesting time

November December January

Palmitic acid
Fuerte 22.4a ± 0.693 17.7b ± 0.600 12.0c ± 0.740

Hass 23.3a ± 0.256 21.2b ± 0.245 16.8c ± 0.508

Palmitoleic acid
Fuerte 6.17a ± 0.296 6.49a ± 0.298 4.22b ± 0.409

Hass 11.2a ± 0.102 10.6b ± 0.158 9.44 ± 0.207

Stearic acid
Fuerte 0.32a ± 0.083 0.12b ± 0.058 ndc

Hass 0.38a ± 0.053 0.09b ± 0.037 ndc

Oleic acid
Fuerte 59.3c ± 0.396 63.4b ± 0.926 73.0a ± 0.999

Hass 47.2 ± 0.181 52.1b ± 0.321 59.5a ± 0.313

Linoleic acid
Fuerte 10.3b ± 0.761 11.5a ± 0.286 10.5b ± 0.390

Hass 16.1a ± 0.229 15.0b ± 0.167 13.9c ± 0.400

Linolenic acid
Fuerte 0.17a ± 0.073 0.03b ± 0.014 0.02b ± 0.024

Hass 0.44a ± 0.084 0.09b ± 0.042 ndc

Arachidic acid
Fuerte 0.33b ± 0.063 0.53a ± 0.059 0.24b ± 0.045

Hass 0.98a ± 0.042 0.81b ± 0.030 0.41c ± 0.027

The means followed by the different superscript letters in the same line are significantly different (p <0.05 Duncan’s multiple range test);
nd: not detected
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available for extraction (Platt and Thomson, 1992).

The minimum oil content necessary for marketing

avocado fruit is 8%. After maturation, values greater

than 20% can occur. However, minimum values

required for every market can largely vary, even for

the same cultivar. Oil content increases in the meso-

carp a few weeks after the fruit sets and can be corre-

lated, afterwards, with the age of fruit. As oil increas-

es in the mesocarp, water content decreases by the

same amount, so that the total percentage of oil and

water remains constant during fruit life (Ozdemir &

Topuz, 2004). 

Percentage dry matter (% DM) is strongly related

to oil content and quality (Lee et al., 1983; Brown,

1984; Ranney, 1991). The oil content and % DM of

‘Hass’ showed a remarkably strong correlation (fig.

1), particularly given the wide diversity of rainfall,

soil types and climates (Hofman et al., 2008a; Chen

et al.,  2009; Woolf et al., 2009). Generally, the oil

content is about 11 units less than % DM (e.g. 20%

total oil content equates to about 31% DM). Legal %

DM maturity indices in several countries were sum-

marized by Hofman et al. (2002). For avocados, oil

content and dry matter content increase as the fruit

ripens. However, minimum values required for every

market can largely vary, even for the same cultivar.

For instance, Hass avocados require minimum values

of 20.8%, 19.4%, and 26.2% dry matter for fruits

commercialized in California, Costa Rica, and Chile,

respectively (Olaeta and Undurraga, 1995; Cerdas et
al., 2006; Kader and Arpaia, 2010). In some coun-

tries, one standard is used for several cultivars and

production locations. However, cultivar, cultural

practices, season and micro and macro environments

can influence the relationship between fruit oil con-

tent, % DM and fruit quality (Lahav and

Kalmar,1977; Lee et al., 1983; Coggins, 1984;

Krugeret al., 1995). For example, Stahl (1933) noted

large differences in % DM between two locations in

Florida, and attributed the differences to high rainfall

in one of the districts causing a decrease in % DM.

Thus, Coggins (1984) suggested that production loca-

tion influences % DM to such an extent that it is an

unreliable predictor of the earliest acceptable harvest

date. However, Ranney (1991) concluded that season

and locality effects on % DM were not significant in

California. To overcome some of these influences,

more specific maturity standards can be applied. In

South Africa, export regulations require the % DM of

all cultivars to be > 20% to prevent uneven ripening

and shrivelling, with the exception of ‘Hass’ and

‘Ryan’ (> 23%),  and ‘Edranol’ (25%). Fruit from the

cooler areas of KwaZulu-Natal reach higher oil con-
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centrations before other fruit maturity parameters are

satisfied. Therefore, it is recommended that the fruit

have a minimum DM of 25% (‘Fuerte’), 28%

(‘Edranol’) and 30% (‘Hass’ and ‘Ryan’) for export

(Kaiser and Wolstenholme, 1994). Fruit sampling

procedures can also affect the accuracy of a maturity

test. The % DM can be affected by position in the

canopy and flowering date (Plumbley et al., 1989;

Vuthapanich, 2001), and by storage conditions

between harvest and % DM determination (Hofman

and Jobin-Decor, 1999). Sampling of different size

fruit and damaged fruit (Hofman and Jobin-Decor,

1999), and the portion of the flesh used (Schroeder,

1986) may also affect the % DM result. 

Sugars

Fruit growth is largely based upon transport of

material from the photosynthesizing parts of the plant.

The transport material is largely made up of sugars

and sugar derivatives. These sugars are then metabo-

lized in the fruit to the storage products, to cell struc-

tural materials and to provide energy for growing

cells. Thus, even though the deposition of oil is a

prominent feature of the growth of the avocado, for-

mation of the fats depends on the breakdown of the

carbohydrate material to acetate followed by synthesis

of the fatty acids from the acetate. The fatty acids

may then form fats by combining with glycerol,

another sugar metabolism product. Further, the earlier

studies of the change in composition of the avocado

with growth (Church et al., 1922; Stahl, 1933; Dubois

et al., 1956) have invariably shown a decrease in the

amount of sugar storage in the pulp of the avocado

while the oil content increased.

Compared to other fruits, avocados contain very

little sugar (USDA, 2011). One-half an avocado con-

tains only about 0.2 g sugar (e.g., sucrose, glucose,

and fructose). The avocado mesocarp contains high

concentrations of the C7 sugars, mannoheptulose and

perseitol, while the C6 sugars fructose, glucose and

sucrose are present in very low concentrations (Liu et
al., 2002; Tesfay et al., 2010). The functions of these

sugars are not fully understood, although D-manno-

heptulose is the predominant anti-oxidant in avocado

mesocarp (Tesfay et al., 2010), while perseitol is a

storage compound (Tesfay, 2009) and is involved in

micronutrient transport (Thorp et al., 2011). Other

sugars (e.g., xylose) and sugar alcohols (mannitol or

sorbitol) were also found in trace amounts (Bean,

1958). The primary sugar found in avocados is a

unique seven-carbon sugar called D-mannoheptulose

and its reduced form, perseitol, contributes about 2.0

g per one-half fruit (Meyer and Terry, 2008; Shaw et

Fig. 1 - Relation between the percentage of dry matter and the oil content (percentage fresh weight basis) in the flesh of Hass avocado.
Source: Schaffer et al, (2013). 

Fig. 1 - Evoluzione del contenuto di olio e della percentuale di sostanza secca nella polpa dei frutti di avocado Cv Hass. Fonte: Schaffer
et al, (2013). 
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al., 1980). Preliminary D-mannoheptulose research

suggests that it may support blood glucose control and

weight management (Roth, 2009). In addition, the

sugar alcohol perseitol possess anticancer activity

(Board et al., 1995). The glycemic index and load of

an avocado is expected to be about zero (Dreher

&Davemport, 2013).

The C7 sugar concentrations in the flesh was

somewhat lower in immature fruit and again in very

mature fruit, which may explain the changes in the

incidence of internal disorders in fruit harvested at

different stages of maturity. The seven carbon (C7)

perseitol and mannoheptulose higher concentrations

during ripening may reduce physiological flesh disor-

ders (Meyer and Terry, 2010). The C7 sugar concen-

trations decrease significantly during ripening, possi-

bly indicating a role in the ripening process (Liu et
al., 2002). They may act as an energy source (Bertling

et al., 2008; Meyer and Terry, 2010), and the double

bond in mannoheptulose provides powerful water sol-

uble anti-oxidant properties, which may be a first line

of defence against the negative effects of reactive

oxygen species (ROS) (Tesfay et al., 2010). Declines

in the concentrations of D-mannoheptulose and per-

seitol, along with negligible concentrations of starch

(Liu et al., 1999; Landahl et al., 2009), glucose, and

fructose, suggest that the heptoses are used during the

ripening process (Blakey 2012). Sugar concentrations

in the flesh vary with maturity, and decreases in sugar

concentrations may reduce energy reserves and quali-

ty of late harvested fruit (Bertling and Bower, 2005).

However, perseitol concentrations varied inconsistent-

ly with harvest date over two seasons, while manno-

heptulose concentrations declined in a consistent

manner (Lallu et al., 2005; Burdon et al., 2007). This

suggests that mannoheptulose may reflect a decline in

fruit quality common in late-harvested fruit, but this

needs to be confirmed. Soluble solids content, total

sugars, sucrose, fructose and glucose do not vary con-

sistently with harvest date (Lallu et al., 2005). Blakey

(2012) observed a slight and inconsistent changes in

the concentrations of sucrose during ripening, as

found by Meyer and Terry (2010). These authors con-

cluded that sucrose was not the primary carbon source

or energy store in avocado fruit.

Conclusions

The study of the ripening process of avocado fruit

is of great importance to generate information about

the changes of individual fatty acids and to determine

whether, there was a change in the quality of oil and

fatty acid composition of avocado fruit during either

the harvesting or the post-harvest ripening period.

These evidence are important in providing informa-

tion decide the proper harvesting time and storage

practices.

Abstract

In a study of the maturity of avocado fruit it is

important to elucidate the lipid metabolism in the

fruit during growth and storage, since the avocado

stores a large amount of lipids in the edible pulp.

Meanwhile the fatty acids may then form fats by

combining with glycerol, a sugar metabolism product,

and sugar metabolism of the avocado fruit should be

considered.

Key words: Avocado, persea americana, fatty acids,

sugar, lipids, carbohydrates, ripening time
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