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Abstract

The contents of sugars, organic acids, and amino acids (after acid hydrolysis) were determined during development and
maturation of medlar (Mespilus germanica L.) fruit from 39 days after full bloom (DAF) until 2 weeks after the beginning of fruit
drop (161 DAF). Fructose, glucose and sucrose were identified as the principal sugars and their levels varied remarkably during
development. The fructose level increased continually through development reaching its maximum by 161 DAF (1200 mg/100 g
fresh weight) while the increase of sucrose reached maximum at 131 DAF and had decreased at 161 DAF. After some fluctations at
69 DAF, glucose level remained high (686 mg/100 g fresh weight) at 161 DAF, when compared with Stage IV (131 DAF). While the
level of malic acid increased continually, the ascorbic acid level decreased dramatically through fruit development; both acids
reached their maximum and minimum levels at 161 DAF, i.e. 428 and 8.4 mg/100 g fresh weight, respectively. The total amino acid
composition also changed in decreasing trend throughout development and remained low at 161 DAF. In the ripe fruit, glutamate
and aspartate were the major amino compounds identified. These changes in the identified compounds can be related to the meta-

bolic activity during fruit development and maturation.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Free sugars, organic acids and amino acids (free and in
proteins) are natural components of many fruits and
vegetables and they play important roles in maintaining
fruit quality and determining nutrititive value (Ashoor &
Knox, 1982). The nature and the concentration of these
constituents in fruits have been of interest because of their
important influence on the organoleptic properties.
Therefore, food analysts and plant physiologists have
been interested in changes in the nature and amounts of
the various chemical components occurring during ripen-
ing in the edible parts of fruits because of their impact on
the market quality of the food product (Wrolstad, 1981).
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Numerous studies have been reported on the meta-
bolism and physiology of many fruits, including free
sugar, organic acid, and amino acid compositions. The
relationships between these compounds and fruit ripen-
ing have been extensively studied in different fruits such
as peach (Chapman & Horvat, 1990), mayhaw (Chap-
man & Horvath, 1993; Chapman, Horvat, & Payne,
1991), persimmon (Ayaz & Kadioglu, 1998; Senter,
Chapman, Forbus, & Payne, 1991), apples (Ackerman,
Fischer, & Amado, 1992), strawberry (Pérez, Rios,
Sanz, & Olias, 1992), blueberry (Ayaz, Kadioglu, Ber-
toft, Acar, & Turna, 2001).

Medlar, Mespilus germanica L. (fam: Rosaceae), is a
spiny shrub that grows to a height of 2-3 m in the wild
and 6 m when cultivated. The fruits of medlar are sub-
globose or pyriform and crowned by foliaceous sepals,
ranging from 1.5 to 3 cm in diameter (Browicz, 1972).
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The pome-like fruit originates from the inferior ovary,
generally with five stony seeds. The skin colour is
brown, sometimes tinged reddish. Several common
varieties of medlars are also well-known through
Europe and Asia. Among these Dutsch (with big fruit),
Common (with medium fruit), Royal (with small fruit),
Nottingham (with small fruit, tasty) and Stoneless are
probably the best known. The most common use of
medlar fruits is for raw consumption after bletting. The
harvest of fruit bletted on the plant in late autumn or
the harvest of fruits at physiological ripening and their
storage in straw until over-ripening are well known tra-
ditions, still alive today. The bletted fruits (bletting: the
ripening of fruit, especially of fruit stored until the
desired degree of decay and softness is attained) have a
sweet and slightly acid flesh. Jams and jellies can be
obtained. In cookery, a surprisingly long list of recipes
can be found. The astringency of the fruits has been well
known since ancient times. Medlar bletted pulp or syrup
was a popular remedy against enteritis (Bignami, 2000)
and modern medicine has recognized (in the 1920s) its
healing properties, to treat constipation, kidney and
bladder stones and as a diuretic (Baytop, 1999).

The medlar has been of recent interest for its edible
fuits. Recently, the physical (weight, colour, firmness),
physicochemical (pH, soluble solids) and chemical
(moisture, soluble sugars, starch) changes during
maturation of Spanish medlar have been reported
(Romero-Rodriguez, Simal-Lozano, Vazguez-Oderiz,
Lopez-Hernandez, & Gonzalez-Castro, 2000) and de
Pascual-Teresa, Santos-Buelga, and Rivas-Gonzalo
(2000) have analysed flavanols in medlar fruit. More
recently, changes in mineral composition, at different
stages of maturity of medlar (Glew, Ayaz, VanderJagt,
Millson, Dris, & Niskanen, 2002) and fatty acid com-
position, during ripening of medlar (Ayaz, Glew,
Huang, Chuang, VanderJagt, & Strnad, 2002) have
been reported. Besides these studies, data on the com-
position and nutritional value of medlars are still scarce.
As far as we know, there are no data in the literature
about changes in the fatty acid composition during
development and maturation of medlar fruit.

Medlar fruit is also widely consumed in Turkey. Har-
vest takes place through October, storing part of the
crop in cold, dark, and aerated places, to induce the
fruit to soften. Part of the crop is used to make
pickles of this fruit to be consumed as an appetizer
on winter days. The determination of sugar, organic
acid and amino acid compositions of medlar may be
useful for several reasons, first, in order to know how
important medlar fruit is nutritionally and second,
because the marked changes that occur in the sugar,
organic acid and amino acid contents and profiles of
fruits can have deleterious effects on their accept-
ability as a food source. The objective of this study
was to study the changes of sugars, organic acids,

and amino acids in medlar during fruit development
and maturation.

2. Materials and methods
2.1. Fruit material

Medlar (Mespilus germanica L., wild type) fruit was
randomly harvested from fourteen 20-year-old trees in the
early morning from various single genotypes of bulk
populations in the native habitat of the species located in
the grounds of hillsides of Caykara (Trabzon) and neigh-
bouring lands that are 500-600 m over sea level, northeast
Anatolia (Turkey). The blossoms were considered to be in
full bloom on 8§ May 2000 and five maturity categories
were collected by sampling the fruits at 39, 69, 100, 131 and
161 days after full bloom (DAF). These sampled fruits
were subdivided into immature, mid-ripe and ripe maturity
stages, on the basis of skin and state of maturity, con-
sidering the earlier DAFs. For the immature stage, the
entire medlar had a light green skin. For the mid-ripe stage,
the skin was ca. 60% light brown and 40% pale green. For
the ripe stage, the skin colour of medlar fruit was com-
pletely brown and inside was completely white (Table 1).
One kilogram of medlar fruit was gathered in triplicate at
each collection time and stored at —35 °C. All reagents,
solvents and standards were of analytical reagent grade.

2.2. Sugar and organic acid extraction

For the ethanolic extraction of sugars and organic
acids, fruit flesh, without seeds, was blended in the dark
with 95% ethanol for 3-5 min, depending on tissue
softness, at maximum speed with a blender. The homo-
genate was vacuum-filtered through Whatman No. 1
filter paper and the residue washed twice with 80% eth-
anol. The filtrates were combined and adjusted to 5 ml/g
fresh weight (FW) with ethanol. Henceforth, this is
considered the ethanolic extract.

2.3. HPLC analysis of sugars and organic acids

Sugars and organic acids were analysed in a Hewlett-
Packard 1090 liquid chromatograph equipped with a
photodiode array detector and a Waters 410 differential
refractometer (Millipore) connected in series. Data were
processed by means of Hewlett-Packard 85-B comput-
ing system and a Beckman Analogue Interface Module
406 and Gold V.711 software, respectively. Isocratic
separations of the compounds were made on a stainless
steel Ion-300 (300 mmx 7.8 mm, 10 pm) column, contain-
ing a cation-exchange polymer in the ionic hydrogen
form, with an TonGuard GC801 guard column (Interac-
tion, San Jose, CA), and thermostatted at 23 °C. The
mobile phase utilized for the elution consisted of a filtered
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Table 1

Collection dates, stages as days after full bloom (DAF) and the colour of fruit with state of fruit maturity of medlar (Mespilus germanica L.)

Maturity Harvest Harvest date Days after full State of fruit maturity
no. bloom (DAF)
Immature 1 15 June 2000 39 Unripe, skin light green-greenish, pulp white, fruit hard
2 15 July 2000 69 Unripe, skin ca. 60% light brownish and 40% pale greenish,
pulp white, fruit hard
Mid ripe 3 15 August 2000 100 Unripe, skin completely brownish, pulp white, fruit hard
4 15 September 2000 131 Table ripe, skin completely brownish, pulp white
Ripe 5 15 October 2000 161 Ripe, skin completely brownish, pulp white

(0.22 um nylon) and degassed solution of 0.0085 N H,SO,4
and a flow rate of 0.4 ml/min. UV detection was selected
at 195 and 245 nm, the refractive index detector was used
at sensitivity 16x, and the injection volume was 20 pl.

2.4. Protein and amino acid analysis

Samples were ground to a fine powder with the aid of
a mortar and pestle and dried under vacuum at 25 °C
until a constant weight was reached. Each sample was
analyzed in triplicate. Samples of 2-3 mg of each fruit
specimen were placed in three 2-ml glass ampoules con-
taining 50 pl of internal standard (norleucine) and 0.35
ml of 6 N HCI. The ampoules were frozen using liquid
nitrogen, evacuated, sealed, and then placed in an oven
at 110 °C for 24 h. The ampoules were allowed to cool
and were then placed in a vacuum centrifuge to remove
acid. Samples were redissolved in 0.4 ml of 1 mM HCI,
and a 20-pl aliquot was removed from each ampoule for
derivatization. A single set of samples was analysed
separately for cysteine content. These samples were first
oxidized with performic acid (Hirs, 1967) at room tem-
perature for 18 h. Performic acid was removed in a
vacuum centrifuge and samples were hydrolysed
according to the technique described earlier.

Tryptophan analysis was performed separately on a
single set of samples. Dried plant specimens were placed
in polypropylene tubes and hydrolysed in 4.2 M KOH
containing 1% thiodiglycol (w/v) (Hugli & Moore,
1972) at 110 °C for 18 h. The KOH was neutralized with
4.2 M perchloric acid. The supernatant was then
removed and adjusted to pH 3 with dilute acetic acid,
and then a 50-pl aliquot was removed for derivatization.
Quantitative analysis was performed using a Pierce
standard H amino acid calibration mixture suplemented
with tryptophan. Norleucine was used as the internal
standard in all determinations.

The Pico-tag system (Waters, Millfor, MA) was used
for quantification of amino acids. Aliquots were dried and
hydrolysed, mixed with 10 pl of redrying solution (etha-
nol:water:tricthylamine, 2:2:1), and dried again. The sam-
ples were then reacted with 20 ul of phenylisothiocyanate
(water:ethanol:triethylamine:phenylisothiocyanate, 7:1:1:1)
at room temperature for 20 min (Cohen & Straydom,

1988), and then excess reagent was removed in a vacuum
centrifuge. Derivatized samples were dissolved in 0.1 ml
of 0.14 M sodium acetate that had been adjusted to pH
6.4 with acetic acid. A 10-ul aliquot was injected into
the column for analysis. A Waters C;g column (3.9x300
mm) was used with conditions described by Buzzigoli et
al. (1990) in order to obtain complete resolution of
tryptophan and the ornithine produced as a result of
alkaline hydrolysis of arginine. Analysis of all other
amino acids was conducted using a Waters C18 column
(3.9%x150 mm) with gradient conitions described by
Bidlingmeyer, Cohen, and Tarvin (1984). Egg white
lysozyme was used as the control protein.

3. Results and discussion

Fructose, glucose and sucrose were the major soluble
sugars. The level of fructose was 197 mg 100 g~! fresh
weight at 39 DAF, and then increased continually
throughout ripening, reaching a maximum level of 1200
mg 100 g~! fresh weight in the ripest fruit at 161 DAF.
Despite decreasing to its minimum level (219 mg 100
g~! fresh weight) at 161 DAF, sucrose level increased
throughout immature and mid-ripe maturity stages,
ranging between 159 and 918 mg 100 g~! fresh weight
between 39 and 131 DAFs. Although there was a sud-
den increase in the level of glucose at immature maturity
(at 69 DAF) and a sudden decrease at mid-ripe maturity
at 100 and 131 DAFs, the level of glucose reached a
value of 686 mg 100 g~! fresh weight in the ripe medlar
harvested at 161 DAF (15 October). A continual
increase in total sugar content (sum of individuals
sugars) of the fruit was determined, reaching a max-
imum value of 2105 mg 100 g~! fresh weight by the mid-
October (161 DAF) (Table 2).

There have been numerous studies attributed to
increasing levels of fructose, glucose and sucrose at
advanced stages of fruit maturity. In an apple variety
(var. Glockenapfel) (Ackerman et al., 1992), the content
of sucrose increased through ripening, and also after
several weeks of storage, reaching its maximum of 6000
mg 100 g~—! dry weight, while the contents of fructose
and glucose (fructose being the major soluble sugar)
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Table 2

Sugar and organic acid compositions (mg/100 fresh weight) of medlar
(Mespilus germanica) fruit at various stages of development and
maturation. Results are expressed as the means=+S.D. of three sepa-
rate extractions and determinations

Compounds Immature Mid ripe Ripe

39 DAF 69 DAF 100 DAF 131 DAF 161 DAF

Sucrose 15+£0.7 184+0.3 572404 918+0.2 219+0.6
Fructose 197+£0.2 230+£0.9 437+1.8 7224+0.3 1200£2.3
Glucose 2984+0.3 788+£0.3 619403 352+0.1 686+0.8
> Sugar® 654+£0.4 12024+0.5 1628+0.5 1992+0.2 2105+1.2
Citric acid 528+£0.1 318+0.2 418+£0.0 486+0.0 404+0.2
Malic acid 126+£0.1 226+1.2 3094+0.3 374+0.4 428+0.3

Ascorbic acid 41.7+0.1 17.0£0.0 13.2+£0.0 11.3+0.0 8.4+£0.0
3" Acid® 692+£0.1 561+0.6 740+0.1 872+0.1 84140.3

2 Y"Sugar is the sum of sucrose, glucose and fructose.
b > Acid is the sum of citric, malic and ascorbic acids.

decreased slightly toward the end of ripening (just
before harvest) to ~3000 and 500 mg 100 g—' dry
weight, respectively. The same authors explained the
rapid increase in the glucose concentration by a
mechanism related to starch synthesis and hydrolysis,
and the sudden drops of all three sugars at the begin-
ning of the storage period were explained by the fact
that apples were harvested just before the climacteric. In
two particular mayhaw (Crataegus aestivalis and
C. opaca) fruits, major levels of fructose and glucose
increased from the immature to ripe stage, beginning
from ~0.8 and 1.1 to ~1.6 and 1.5% at the ripe stage,
respectively (Chapman & Horvath, 1993). Apart from
some fluctations that occurred during early stages of
fruit growth (80 and 95 DAFs), sucrose content
increased continually during maturation of peach fruit
soaring to 6 and 7% of fresh weight at 135 DAF, while
the contents of both fructose and glucose were around 1
and 2% of fresh weight (Chapman & Horvath, 1990).
Senter et al. (1991) reported progressive increases in
both fructose and glucose levels throughout fruit devel-
opment and maturation in several persimmons (except
Kijiro in which the sugars remained fairly constant) and
more especially in the fruit of Fuyu cultivar, in which
the levels were 9-22.2 and 12-24.4 g/100 g dry weight
(immature to ripe). In addition, sucrose content showed
some fluctations (Giambo and A. Shiraza), sudden drop
(Fuyu and Jiro) and increase (Giambo) and sometimes
maintaining levels (22.0 g 100 g—' dry weight, in Ichi
Kjiro cv.) equal to the levels of fructose and glucose at
ripe maturity.

A recent study of Spanish medlar has revealed a pro-
gressive increase in fructose and glucose contents
through September and November (8 week period dur-
ing maturation, 1-week intervals), ranging from 21.6 to
34.7 g/100 g dry weight for fructose and 12.8 to 21.2 g/
100 g dry weight for glucose. Besides these two sugars,

sucrose content (except during the second week of
maturity) increased until the sixth week of ripening (4.53
g/100 g dry weight), and then, as the medlar ripened, it
levelled to 1.24 g/100 g dry weight at the eighth week of
maturation (Romero-Rodriguez et al., 2000).

It was concluded that the concentration of sucrose,
rather than glucose or fructose, most nearly parallels the
rate of respiration of a fruit during its development.
Sucrose can be replaced by glucose, but fructose seems
to be more effective than these two sugars in promoting
fruit set (Nitsch, 1953).

Citric, malic and ascorbic acids, the major organic
acids in medlar, were determined, and their levels chan-
ged significantly during fruit development. The levels of
citric and malic acids were 528 and 126 mg 100 g~! fresh
weight at the beginning of immature maturity stage (at
39 DAF, 15 June), and then the malic acid level
increased continually, reaching a maximum value of 428
mg 100 g—! fresh weight in the ripe maturity harvested
at 161 DAF (15 October). The level of citric acid
remained high, reaching a value of 486 mg 100 g~! fresh
weight at midripe stage (131 DAF); it then decreased to
a level of 404 mg 100 g~! fresh weight at 161 DAF.
Ascorbic acid exhibited a steady decrease throughout
maturation, beginning with a value of 41.7 mg 100 g~!
fresh weight and reaching 8.4 mg 100 g~ fresh weight at
161 DAF in the ripe fruit. The total acid content (sum
of individuals acids) of the fruit throughout develop-
ment and maturation showed fluctations, reaching a
maximum value of 871 mg/100 g fwt by the mid-Sep-
tember (131 DAF) and remaining thereafter at a value
of 841 mg 100 g~! fresh weight in the fully ripe fruit at
161 DAF (Table 2).

It has been reported that the content of quinic acid
was highest (1.2% of fresh weight) at the beginning of
peach maturation and then, after a continual decrease
throughout maturation, remained low (ca. 0.2% fresh
weight) in the ripest peach fruit. However, citric acid
content continually declined in parallel with quinic acid
after 110 DAF. Malic acid content, after fluctuating
around 0.2-0.3% of fresh weight, jumped to a max-
imum (0.5% of fresh weight) and again started to
decline, keeping its content about 0.4% of fresh weight
(Chapman & Horvath, 1990). It is known that malic
acid is the predominant acid during maturation of Cra-
taegus fruits (Chapman et al., 1991) and, comparatively,
the level of this acid in two cvs of Crataegus declined
more rapidly in C. apaca than in C. aestivalis, as did the
content of quinic acid, while citric acid, the second most
abundant acid, showed an increase at the midripe stage,
followed by a decrease at the ripe stage (Chapman &
Horvath, 1993).

Ackerman et al. (1992) reported citric acid (~8to 5 g
100 g~! fresh weight) as the most and malic acid (1-0.6
g 100 g=! fresh weight) as the second most abundant
acid determined in an apple variety (Glockenapfel)
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throughout ripening and storage in a decreasing trend.
Persimmons (Senter et al., 1991) showed a fair increase
in their malic acid contents and a decrease in citric acid
contents, except Ichi Kijiro and Aizumi cultivars, in
which citric acid content was roughly the same during
development. Consequently, we conclude that medlar
fruit exhibited a steady increase in malic acid content
and decrease in ascorbic acid content during develop-
ment and maturation, while the level of citric acid did
not show such behaviour.

The methodology used in the present study for the
separation of both sugars and organic acids in a single
injection was previously evolved and used in strawber-
ries and other fruits (Pérez et al., 1997). This analytical
procedure is fairly simple and rapid and allows for the
detection and quantitation of the main sugars and
organic acids found in fruits, in general. The HPLC
column utilized was found to be reliable and operated
well under continual use.

3.1. Amino acid composition during fruit ripening

Table 3 summarizes the contents of 18 of the amino
acids commonly found in proteins. Glutamine and
asparagine are not reported since they are deaminated
and converted into glutamine and aspartic acid, respec-
tively, by the acid hydrolysis step that precedes column
chromatography of the free amino acids. Our results
have revealed that the total amount of most of the
amino acids declined between 39 and 161 DAFs of
development. Aspartate and glutamate were the major

Table 3

amino acids in the ripe medlar harvested at 161 DAF
(15 October). In general, the total amino acid content of
the fruit was relatively low at all stages of development,
ranging from 0.88 to 1.86% of dry weight. The protein
content is relatively constant during the first three stages
of development, but then declines by about one half by
161 DAF (15 October) (Table 4).

In terms of nutritional quality, which was assessed by
comparing the percentages of the essential amino acids
versus those of a World Health Organization (WHO)
standard protein, as shown in Table 4, the protein of
medlar at all stages of maturation compares well with
that of the WHO standard. Only two of the amino acids
or amino acid pairs had scores that fell below 100%,
and these differed from standard protein by only a few
percentage points (phenylalanine/tyrosine) or 16%
(Iysine). Noteworthy is the exceptionally high content of
isoleucine in all five stages of the medlar specimens.
Most of the common amino acids in fruits were present
(Borroughs, 1970), asparagine, glutamine, and alanine
being the three most prominent.

Asparagine and glutamine are the major N-transport
compounds found in plants and consequently in fruits
(Atkins, Pate, & Sharley, 1975). During ripening of
strawberry, the level of asparagine was determined to be
about 50% of total amino acid content (Perez et al.,
1997). Kuneman, Braddock, and McChesney (1988)
reported that strawberry might be distinquishable from
other soft fruits by examining asparagine values.
Aspartic acid and asparagine were found to be the
principal amino acids and accounted for about 70% of

Amino acid content (mg g~! dry weight) of medlar fruit at various stages of development. Results are expressed as the means+SD of three separate

extractions and determinations

Amino acids Immature Mid ripe Ripe
39 DAF 69 DAF 100 DAF 131 DAF 161 DAF

Trytophan 0.314+0.002 0.23+0.004 0.20+0.025 0.2240.002 0.16+0.004
Threonine 0.951+0.06 0.624+0.085 0.65+0.074 0.431+0.014 0.4940.49
Isoleucine 1.014+0.086 0.794+0.017 1.01£0.01 0.734+0.001 0.67+0.016
Lysine 0.9940.08 0.68+0.28 0.67+0.014 0.5440.013 0.4540.005
Methionine 0.47+0.016 0.26+0.001 0.334+0.011 0.2440.019 0.20+0.012
Cysteine 0.0940.013 0.08+0.001 0.1740.01 0.06+0.004 0.054+0.001
Phenylalanine 0.84+0.07 0.61+£0.036 0.81+0.02 0.52+£0.016 0.4740.005
Tyrosine 0.2440.008 0.174+0.025 0.261+0.003 0.184+0.011 0.1540.002
Valine 1.054+0.067 0.75+0.039 0.88+0.016 0.61+0.014 0.57+0.004
Arginine 1.384+0.142 1.0010.096 1.424+0.083 0.68+0.004 0.4240.009
Histidine 0.3440.022 0.23£0.013 0.31+0.003 0.13+0.012 0.11+0.011
Alanine 0.894+0.052 0.671+0.041 0.66+0.041 0.414+0.017 0.3740.003
Aspartate 3.33+0.219 2.69+0.147 2.02+0.007 1.51+0.024 1.134+0.045
Glutamate 2.504+0.363 2.21+0.16 3.934+0.376 1.534+0.08 1.224+0.015
Glycine 0.72+0.079 0.51+0.057 0.79+0.025 0.424+0.007 0.38+0.002
Proline 0.9940.085 0.7410.051 0.9410.002 0.65+0.011 0.631+0.008
Serine 0.99+0.066 0.68+0.072 0.82+0.038 0.58+0.007 0.54+0.008
> protein mg g~! dry weight) 18.6 14.6 17.2 10.2 8.01
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Table 4

Essential amino acid content of medlar fruit at various stages of development and maturation, compared with WHO *“ideal” protein®

Amino % of (%AA)x100% % of (%AA)x100% % of (%AA)x100% % of (%AA)x100% % of (%AA)x100% Mean®ideal WHO
acid total ideal 39 DAF total ideal 69 DAF total ideal 100 DAF total ideal 131 DAF total ideal 161 DAF (%AA)x100 ideal

AAP AA AA AA AA ideal
ile 54193 54 193 59 211 7.1 254 7.6 271 224 2.8
leu 7.9 120 73 111 7.9 120 84 127 89 135 123 6.6
lys 53 91 47 81 39 67 53 91 51 88 84 5.8
met+cys 3.0 120 23 92 29 116 29 116 28 112 11 25
phe+thr 58 92 54 86 62 98 6.8 108 71 113 99 6.3
thr 51150 42 124 38 112 42 124 56 165 135 3.4
trp 1.6 145 1.6 145 1.1 100 22200 19 173 153 1.1
val 57 163 51 146 51 146 59 169 6.5 186 162 3.5

Abbreviations of amino acids: ile, isoleucine; leu, leucine; lys, lysine; met +cys, methionine + cysteine; phe + thr, phenylalanine + threonine; thr,

threonine; trp, tryptophan; val, valine.
2 WHO (1985).
b AA, amino acid.
¢ Average of 39-161 DAF.

the amino acid content in an apple variety, followed by
glutamic acid/glutamine, serine, glycine, and phenylala-
nine (Ackerman et al., 1992). During the first 10 weeks
of the apple maturation, they obtained a dramatic drop
in amino acid content of the fruit flesh and then the
values stayed more or less constant. They conclude that
the variation is probably related to the processes of
protein synthesis and degradation during maturation as
well as to the dilution effect. Tressl and Drawert (1973)
have reported that leucine and valine concentrations
increased about three-fold following the climacteric rise
in strawberry cv. Chandler, whereas leucine was detec-
ted only in trace amounts in the cultivar. An increase in
phenylalanine content during ripening was seen in
banana (Tressl & Drawert, 1973). More significant
changes during ripening of strawberry fruit were found
in alanine content which sharply increased between 30
and 39 DAFSs, remained almost constant until 41 DAF,
and decreased in fully ripe fruits (Perez, Rios, Sanz, &
Olias, 1992). As a result, the protein content of medlar
was lower at all stages of medlar fruit (about 2%)
development. However, the quality of the medlar pro-
tein seemed to be good relative to the WHO standard,
indicating that its nutritional quality was relatively high.

4. Conclusions

In conclusion, there are significant differences in the
levels of sugars, organic acids and amino acids of
medlar fruit, between maturity stages during fruit
development. Medlar fruit contains important amounts
of flavouring amino acids, sugars and organic acids that
might play a significant role in its flavour. It can be
recommended that a harvest date for medlar fruit, in the
middle of October at ripe stage, will give appropriate
levels of sugars, organic acids and amino acids for peo-
ple who consume the fruit in their diets. However some

climatic and agronomic changes can occur and need to
be examined. This type of information could provide
local populations (where medlar is a native species in
their flora) with a basis for food choices.
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