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Changes in Physicochemical Characteristics and Volatile
Constituents of Strawberry (Cv. Cigaline) during Maturation
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Changes in the volatile composition of strawberries (cv. Cigaline) at six stages of maturity, from 28
to 44 days after anthesis, were investigated over two harvesting seasons. Volatiles were isolated by
direct solvent extraction and analyzed by means of GC-FID and GC-MS, with special attention to the
guantification of furanones. Firmness, skin color, soluble solids (SS), titratable acidity (TA), SS/TA
ratio, organic acids, and sugars were also determined. With increasing maturity, soluble solids, SS/
TA ratio, Minolta a* value, and levels of sucrose, glucose, fructose, and malic acid increased, whereas
Minolta L value, hue angle (®), titratable acidity, and levels of citric acid decreased. Furanones and
esters were generally not detected before half-red fruits, whereas Cg compounds were the main
compounds in immature fruits. During maturation, levels of these so-called green components
decreased drastically, whereas levels of key flavor compounds increased significantly and were closely
correlated with skin color development. Maximum volatile production was observed in fully red fruits.
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INTRODUCTION less, due to its water-soluble nature and its thermal instability
(5, 12, 13), Furaneol is rarely quantified. According to Ulrich
et al. 4), methyl anthranilate (MA), which is characterized
mainly from F. vescaL., whereas the cultivated varieties (F. PY @n intensive spicy-aromatic and flowery note, is responsible
ananassa) are hybrids froff. chilosensisand F. sirginiana. for the typ|cal character of the wild strawberry aroma. Douillard
The strawberryR. ananasshis cultivated worldwide and plays ~ @nd Guichard (5) reported that lactones, particulargteca-

an important economic role. Strawberries are consumed as fresfactone, which are found in high concentrations in some
fruits but are also frequently found in processed products suchcultivars, are among the key flavor compounds. Alcohols, even
as liquor, syrup, jam, juice, ice cream, and concentrated flavor if numerous, are not thought to contribute significantly to

Strawberry plants, wild and cultivated, belong to the Rosacea
family and Fragaria genus. The wild European strawberry is

preparations. strawberry flavor, except for linalool. The latter is present in
Because of its typical aroma, the volatile components of large amounts in some cultivard, (7, 9) and possesses an
strawberry have been extensively studied, ar860 volatiles intense and pleasant note and a low threshold valugy(&g).

have been reported £3). Different studies have shown that Acids, generally present below their threshold values, have a
esters largely contribute to the strawberry aroma. Among them, small impact on strawberry flavor except for 2-methylbutanoic
ethyl 2-methylbutanoate, methyl and ethyl butanoates, methyl acid, which contributes to strawberry attributes at low concen-
and ethyl hexanoates, and hexyl ar)-fiex-2-enyl acetates trations (15,16).

are considered to be important flavor-active components provid-
ing green and sweet fruity noteg-7). Sulfur compounds
(methanethiol, dimethyl sulfide, dimethyl disulfide, methylthiol
acetate, and butanoate) are also considered to be importan
constituents, particularly in some “older” cultivars (cv. Souvenir
de Charles Machirouxgj. Due to their very low odor thresholds

Although strawberry volatiles have been intensively inves-
tigated, our knowledge of the changes in aroma composition
Pluring maturation is still limitedX3, 17—19). Moreover, except
in ref 13, Furaneol and mesifurane, considered by most of the
authors to be among the most important volatile compounds in

(respectively, 0.04 and 0.08g/kg), and their large amounts strawberry aroma, were not reported. The aim of this work was
present in several cultivars, Furaneol [2,5-dimethyl-4-hydroxy- 0 Study, over two harvesting seasons, changes in the physico-
3(2H)-furanone] (DHF) and mesifurane [2,5-dimethyl-4-meth- chemical characteristics and volatile composition of the straw-
oxy-3(2H)-furanone] (DMF) are considered to be the two major Perry (cv. Cigaline) at six stages of maturity, with a special
flavor contributors to strawberry aromé 6, 9—11). Neverthe- emphasis on the quantification of furanones. Cigaline is a new
early cultivar, an improvement of Gariguette, with a very
* Corresponding  author  (telephone+33  490.92.05.82; fax attractive and fruity flavorZ0). In addition, no reports on the
+33 490.92.48.87; e-mail aubert@ctifl.fr). volatiles of Cigaline strawberries have appeared in the literature.
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Table 1. Changes? in Firmness (Fg), Minolta L, a*, b* Values, and Hue Angle (®) of Strawberries (Cv. Cigaline) at Six Stages of Maturity

white pinky red Y, red 3y red 44 dark red
mean range mean range mean range mean range mean range mean range
Fa (IDsp) 88.0y 70-100 95.3z 84-100 77.4x 36-100 63.7w 46-74 63.2w 38-75 64.9w 47-76
L 79.52 61-98 64.6y 59-68 61.4y 41-74 43.9x 35-51 42.0x 33-48 42.5x 36-50
ax —6.0w -13t03 -10.2v -13t00 8.6x —1210 36 35.7y 32-40 38.2yz 29-43 40.2z 36-43
b* 17.0y 1-33 32.0z 26-38 31.6y 23-39 31.6z 24-39 30.8z 22-38 32.0z 24-40
O (deg) 90.9y 27-122 107.8z 91-112 78.6x 41-109 41.6w 32-50 38.7w 31-45 38.5w 33-45

2 Values are given as average of a 2-year-trial (n = 40). Values with different letters are significantly different (on the basis of Newman—Keuls test, p < 0.05).

MATERIALS AND METHODS programmed to 248C at 3°C/min, and kept at 248C for 20 min.
The injector was kept at 28C for 0.1 min, then programmed to 245
°C at 180°C/min, and kept at 248C for 85 min. The FID was kept
at 245°C. One microliter of each sample was injected on a DB-Wax
Etr (J&W Scientific, Folsom, CA) capillary column (30 s 0.25 mm
i.d., 0.25um film thickness). The levels of the volatile compounds
were expressed as 4-nonanol equivalent (assuming all response factors
were 1). The concentrations are to be considered as relative data because
recovery after extraction and calibration factors related to the standard
were not determined.

GC-MS Analysis. A Varian 3800 gas chromatograph equipped with

Solvent and ChemicalsAnalytical grade dichloromethane;alkane
(Cs—Cy4o) standards, and reference compounds were from Aldrich
Chimie (Saint Quentin Fallavier, France).

Samples.Berries of the strawberry cv. Cigaline (origin: CIREF,
France; Gariguette Earliglow; cross made in 1989; selected in 1990;
tested as CF 89.93.323; introduced in 1996; French plant patent CPOV
12 795; E.C. plant patent 96-1055P(0) were obtained from the
experimental plots of the Ctifl of Lanxade (Dordogne, France). Over a
period of two years (20012002), flowers at anthesis were tagged on
a single day, and fruits were picked at six stages of maturity from 28 > ! A
to 42 days after anthesis (DAA). Fruits were then characterized on the & €0ld on-column injector was used with the same DB-Wax Etr capillary

basis of fruit colors as established by Risser and Navast (white column as above. The flow of helium NGO carrier gas was 1 mL/min.
(28 DAA), pinky (30 DAA), red¥, (35—36 DAA), red¥, (38—39 The oven and the injector temperature programs were as above. A

DAA), red %, (physiological maturity) (42 DAA), and dark red (44 Varian Saturn 2000 mass spectrometer with an io_n trap was used. Mass
DAA). Immediately after harvesting, intact fruits were analyzed for :'spectra were recorded in electr_onlc impact (El) ionization mode. _The
skin color and firmness as described below. Fruits were then sepals!®n trap, manifold, and transfer line temperatures were set, respectively,
dissected, frozen with liquid nitrogen, and stored-&25 °C until at 150, 45, and 256C. Mass spectra were scanned in the range from
analysis. m/z 29 _to 350 amu at 1 s/_scar?. Identifications were carried _out by

Physical Analyses.Firmness and skin color were determined on Comparison (_)f linear retention index and El mass spectra with data
two opposite sides of 20 strawberries using, respectively, an electronic oM authentic compounds.

Durofel (licensed by Copa-Ctifl) with a 0.50 éntip and a Minolta HPLC Conditions. A Waters 600 E liquid chromatograph equipped
Chroma meter CR-200. The Durofel, a noninvasive dynamometer, with a Waters 610 Fluid Unit pump was used. A variable-wavelengths
provides a measure of the force used to press a spring-loaded pawlUV—Vis detector (Waters 486) set at 210 nm and a differential
against the fruit surface (22—24). The measurements, ranging from orefractometer (Waters 410) were connected in series and used as
to 100, are expressed indPThe Minolta Chroma meter was calibrated ~ detectors. Twenty microliters of each sample was injected on a 300
with a white reference plate, and measurements were recorded usingm x 7.8 mm i.d. cation-exchange ICSep ICE-ION-300 column

L, a*, andb* color coordinates. Hue angl®j, a parameter that has  €duipped with an ICSep ICE-GC-801/C guard column (Transgenomic,
been shown to be effective for predicting visual color appearazije (  San Jose, CA). The column oven temperature was set a€3and

was calculated using the formula tér(b*/a*). the flow of mobile phase (0008 N2504) was 0.4 mL/min.

Chemical AnalysesThe total soluble solids content (SSC) in juice Statistical Analysis. Analyses of variance were performed using
(% Brix) was determined with an Atago PR-101 digital refractometer. StatboxPro 5.0 (Grimmersoft). Significant differences were determined
Titratable acidity (TA) was determined by titrating 5 mL of juice to atp < 0.05.
pH 8.1 with 0.1 N NaOH using an automatic titrator Crison Compact
Il with autosampler._The_individu_al sugars _(glucose, fructos'e, an_d RESULTS AND DISCUSSION
sucrose) and organic acids (malic and citric) were determined in
triplicate from 1 mL of juice using a single-injection HPLC technique The effects of maturity on the physical and chemical
as described by Doyon et ak§). Fruit juice was obtained from 150  constituents of cv. Cigaline strawberries were investigated over
g of fruit after homogenization and centrifugation (8§0@0 min, 4 4 two-year harvesting season. Fruits were picked at six stages

Q. ) ) of maturity, expressed in DAA, and characterized on the basis

Isolation and Concentration of the Volatiles.One hundred grams of fruit color: white (28 DAA), pinky (30 DAA), red, (35—
of frozen berries, 100 mL of saturated NaCl solution, anduLOof 3 8 4 . . .
4-nonanol (3.28 mg/mL) (internal standard) were homogenized in a 36 DAA), red4 (38—39 DAA), red*/s (PhVS'O'OQ'C‘""_' maturity)
Waring blender for 3 min. The pulp was then centrifuged (850D (42 DAA), and dark red (44 DAA). Firmness, skin color, SS,
min, 4 °C), and the clear juice was filtered through glass wool and TA, SS/TA ratio, organic acids, sugars, and concentrations of
immediately extracted in batches with 100 mL of analytical grade Main volatile compounds were determined for the different
dichloromethane (further purified by distillation before use) for 30 min  stages of maturity for the two harvests. The effects of maturity
under magnetic stirring at 4C. Then, the mixture was centrifuged  on the physical and chemical characteristics of cv. Cigaline
(8500g, 10 min, #C) and transferred to a 250 mL separatory funnel. - strawberries are summarizedliables 1-5. The data are given
The aqueous phase was then 're-extracted twice as'ment_loned aboveyg average and minimum—maximum range on the two years of
according to the method of Moio et al7). After centrifugation and  parest To follow the evolution of data and to compare
separatlc_)n, both organic extracts were dried over anhydrous_ SOdlumdifferences between different stages of maturity, data were
sulfate, filtered through glass wool, and concentrated tomL using . - . .

analyzed using a one-way analysis of variance with Newman

a small Vigreux column at 4%C. The extract was immediately injected - . _ .
in GC-MS and GC-FID. All analyses were performed in triplicate. ~ K€UIS multiple-range test: experimental design, one factor

GC-FID Analysis. A Varian 3800 gas chromatograph equipped with ~ (degree of maturity) with six levels (white, pinky, rég, red
a cold on-column injector was used. The flow of hydrogen N55 carrier /s, red 44, and dark red), complete randomization with 40
gas was 1 mL/min. The oven was kept at %O for 3 min, then samples (20 fruits< 2 years) or 6 samples (3 replicatiors2
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Table 2. Changes? in Soluble Solids (SS), Titratable Acidity (TA), and SS/TA

Ménager et al.

Ratio of Strawberries (Cv. Cigaline) at Six Stages of Maturity

white pinky red Y, red 3y red 4y dark red
mean range mean range mean range mean range mean range mean range
SS (% Brix) 6.7w 6.4-6.9 7.0w 6.6-7.5 8.4x 8.2-8.6 9.5y 9-10 9.9yz 9.1-10.8 10.4z 9.8-11
TA (mequiv/100 g) 16.0z 15-17 16.4z 15.7-17.2 13.7y 12.7-14.8 12.7x 12.4-13.2 11.2w 10.8-11.3 10.4v 10-10.9
SSITA 0.5v 0.4-0.5 0.5v 0.4-0.5 0.7w 0.6-0.7 0.8x 0.7-0.8 0.9y 0.8-1 1.0z 1-1

2 Values are given as average of a 2-year-trial (n = 6). Values with different letters are significantly different (on the basis of Newman—Keuls test, p < 0.05).

Table 3. Changes? in Sugar and Organic Acid Contents of Strawberries (Cv. Cigaline) at Six Stages of Maturity

white pinky red 1/, red 3, red 4, dark red
mean range mean range mean range mean range mean range mean range
sucrose 0.4w 0.37-0.43 0.8x 0.46-1.11 1.4y 1.02-1.69 1.6yz 1.43-1.75 1.7z 1.59-1.88 1.7yz 1.63-1.7
glucose 1.9w 1.77-1.93 1.9w 1.75-1.9 2.2X 2.14-2.3 2.5y 2.36-2.75 2.6y 2.14-2.95 2.9z 2.82-2.97
fructose 1.9w 1.77-2.1 2.0w 1.9-2.01 2.4x 2.24-2.46 2.6y 2.5-2.87 2.8y 2.35-3.1 3.1z 2.96-3.26
citric acid 0.8z 0.78-0.85 0.8yz 0.7-0.8 0.7y 0.66-0.79 0.6x 0.59-0.66 0.6w 0.51-0.65 0.5w 0.52-0.55
malic acid 0.2x 0.2-0.25 0.3y 0.26-0.33 0.3yz 0.27-0.4 0.4yz 0.3-0.38 0.3yz 0.26-0.37 0.4z 0.34-0.42

2 Values expressed in g/100 g are given as average of a 2-year-trial (n = 6). Values with different letters are significantly different (on the basis of Newman—Keuls test,

p < 0.05).

Table 4. Relative Proportions? of the Main Volatile Classes of Strawberries (Cv. Cigaline) at Six Stages of Maturity

white pinky red 1/, red 3y red 4/, dark red

compound (n)° mean range mean range mean range mean range mean range mean range
furanones (2) = 0.2w 0-0.4 6.2x 3.7-8.8 13.8y 9.2-183 185z 16.5-20.3  18.5z 13.6-21.2
lactones (4) 0.1x 0-0.2 1.5x 0.3-2.8 6.7y 5.1-8.3 9.3z 6.9-12.4 6.9y 6-7.5 6.5y 4.7-8.7
carhonyls (2) - 0.4w 0.1-0.8 0.8x 0.4-13 1.8z 15-2 1.8z 1.4-2 1.3y 1-1.6
acids (5) 6.4w 35-9.7 14.8x 10.3-21 57.5y 54-612 624yz 535-70.1 66.4z 63-69.4  68.5z 63.4-75.7
terpenes (4) 0.3y 0.1-0.6 1.2yz 0.6-1.8 1.9z 0.5-3.8 2.1z 1.8-2.3 1.3yz 0.9-1.7 1.0yz 0.7-14
Cecompounds (6) 905z  87.2-93.3  79.0y 70.9-855  22.5x 17.1-28.1 5.9w 5.2-6.4 1.8w 15-2.2 1.5w 1-2
esters (7) 0.2x 0-0.4 0.4x 0.1-0.8 4.0yz 1.9-6.5 4.8z 4-5.6 3.3yz 24-43 2.6y 2.2-3.1
alcohols (1) 2.5z 1.9-33 2.4z 1.7-3.2 0.5y 0.5-0.6 0.1y 0.1-0.1 0.1y 0-0.1 0.1y 0-0.1

2 Relative proportions of levels expressed as 4-nonanol equivalents are given as average of a 2-year-trial (n = 6). Values with different letters are significantly different
(on the basis of Newman—Keuls test, p < 0.05). ® Number of compounds identified in each class. ¢ Not detected.

years), respectively, for physical analyses and for chemical and
volatile analyses.

As shown inTable 1, firmness [g), Minolta L value, and
hue angle (®) decreased from white to fégfruits and then
appeared to level off. Minolta* values increased rapidly
between red/, and red3, fruits, whereas Minoltd* values
were found to be very similar for the different stages of maturity,
except for the first stage. Generally, firmness, Mindltaa*,

b* values, and hue angle were found to be not statistically
significantly different for the last three stages, exceptddr
values for red?/, and dark red fruits. Fruit firmness was20%
less in red, and dark red fruits than in reld, fruits, which is

in agreement with previous results reported by Forney et al.
(19). Changes im* value and® show that strawberry ground
color was changing from green to red as maturity increa®gg (
Rapid evolution of these parameters betweentteand red®/,
fruits indicates that strawberries ripen rapidly on plants #-3
days, as previously mentioned by Forney et &B)( SS and
sugar contents increased with increasing matuiiigble 2).

of Forney et al. (19), in particular with regard to the changes in
soluble solids and glucose for the last three maturity stages.
Levels of TA were found to be not statistically significantly
different for the two first stages and then significantly decreased
(Table 2). Citric acid showed a similar trendéble 3). Contrary

to previous observations in the strawberry (19), the levels of
malic acid were found to increase slightly with increasing
maturation Table 3). Finally, the SS/TA ratios were found to
be not statistically significantly different for the two first stages
and then significantly increased with increasing maturiigife

2).

The relative proportions of the main volatile classes and the
main volatile compounds quantified in Cigaline strawberries are
reported inTables 4and5. In this study, special attention was
paid to the quantification of furanones. Various methods have
been developed for the quantitative analysis of furanones in
foods. Except for the work done by Sanz et aB), in which
mesifurane, Furaneol, and its glucoside were determined
simultaneously by HPLC, GC is the most frequently used

The total sugar contents (sum of glucose, fructose, and sucrosejnethod for the separation of these compounds. Probably the

were correlated with S${= 0.95;p < 0.001) (Table 3) The
levels of fructose were slightly higher than those of glucose,
and their ratio remained approximately the same during matura-
tion. Sucrose levels were present at low levels in the first stages
but increased-4-fold during maturity, whereas those of fructose
and/or glucose increased only 1.5-fold during this period. These

most reliable and accurate method for the quantitative analysis
of DHF and its methyl ether is the stable isotope dilution analysis
described by Sen et al29). Not having the facilities for this
method, we used solvent extraction in agreement with previous
studies (25, 9, 30, 31), and because Furaneol has proved to be
difficult to isolate by dynamic headspace, simultaneous distil-

results agree with those previously reported by Forney and Breenlation—extraction or solid phase microextraction methdgis (
(28). Nevertheless, some discrepancies were observed with thosd7—19, 32—36). Dichloromethane was chosen in agreement
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Table 5. Changes in the Concentrations? of Volatiles of Strawberries (Cv. Cigaline) at Six Stages of Maturity

assign- white pinky red Y/, red 3/, red 4/, dark red
compound ment’ R mean range mean range mean range mean range mean range mean range
furanones
mesifurane A 1580 —d - 77 18-148 1152y  503-1850 1917z  1462-2435 1782z 1558-2010
Furaneol A 2015 - +€ 710w 521-1002 3227x 2257-4152 6217z 5707-6841 4440y 2918-5114
lactones
y-hexalactone A 1682 - - 10y 0-22 18y 8-25 16y 4-30 27z 21-31
y-octalactone A 1885 - 12 0-25 17 4-20 23 16-30 21 8-35 25 17-35
y-decalactone A 2131 + 29w 15-39 8l4x  750-920 2846z 2085-3896 2887z 2540-3279 2146y 1545-2987
y—dodecalactone A 2357 - + 26y 9-43 46yz  17-75 58z 37-71 5lyz  32-87
carbonyls
pentan-2-one B 985 - 11w 3-21 83w 45-133 542y 413-652 704z 558-812 381x  314-469
heptan-2-one A 1174 - - 11x 5-17 32y 23-43 58z 43-83 37y 27-47
acids
2-mett:jylpropanoic A 1556  18v 14-25 23v 4-46 412w 121-760 961x  425-1594 2130z  1698-2562 1457y 1098-1858
aci
butanoic acid A 1607 + 15w 11-24 505x  150-881 1633y 1198-2139 4103z 3905-4560 3602z 2151-4870
2-mett:jylbutanoic A 1657 Tlv 55-84 265w 192-330 3262x 2875-3781 6959y 4890-9052 9810z  8750-10450 8995z 6596-12540
aci
hexanoic acid A 1834 203w 116-330 228w  205-284 3449x 1916-4985 10240y 9654-11443 12744z 11240-14414 9230y 6840-11217
octanoic acid B 2046 - - 25w 14-34 99y 85-121 115z 81-145 75x 65-87
terpenes
(E)-furan linalool A 1429 - + + + 30 15-47 20 16-25
oxide
(Z)-furgn linalool A 1457 + + 27 9-49 48 4-95 37 24-52 35 21-51
oxide
linalool A 1538  1Ix 8-13 16x 9-27 80x 29-131 278z 210-345 281z 194-375 185x  107-265
nerolidol A 2037 - 12w 0-29 115x 25-255 320z 260-378 220y  140-280 114x 78-174
Cg compounds
hexanal A 1075 447yz 228-645 490z  114-880  445yz 211-670 157xy  124-193 43x 19-71 36x 32-40
(2)-hex-3-enal A 1142 122z 16-234 79z 29-145 45y 28-65 34y 27-47 + +
(E)-hex-2-enal A 1218 2244z 1848-2987 1441y 1323-1624 1364y 1154-1754  982x  740-1194 379w 299-462 326w 235-415
hexanol A 1347 620 385-874 319 29-625 583 57-1250 355 87-654 211 39-410 93 18-187
(2)-hex-3-en-1-ol A 1372 372z  198-545  330yz 8-680  273yz  23-545 137yz  17-287 15y 7-26 +
(E)—2-hexen-1-ol A 1394 681z 599-876 590z  357-845 336y  201-475 198xy  65-333 129x 98-152 37x 11-60
esters
methyl butanoate A 998 - - 330w 245-520 863z  676-1013 755y  625-887 501x  421-593
methyl 2- A 1009 - - 28x 4-57 178yz  100-264 209z 54-321 112y 36-201
methylbutanoate
butyl acetate A 1067 - - 47 11-97 47 29-65 61 41-90 45 28-59
isoamy! acetate A 1118 - - 14x 4-25 82z 42-125 56y 27-87 47y 25-71
methyl hexanoate A 1186 - + + 111z 10-164 105z 23-145 58y 20-97
hexyl acetate A 1270 + + 16x 4-29 46z 29-63 48z 41-57 25y 17-35
(E)-hex-2-enyl A 1325 + + 61x 15-116 190z 131-238 210z 96-321 106y 37-187
acetate
methyl A 2206 - - - - + 12 8-15
anthranilate
alcohols
benzyl alcohol A 1854 126z 80-187 105yz  43-174 T0yx  49-89 33x 23-40 40x 19-61 17x 11-24

2 Values expressed in uglkg equivalents of 4-nonanol are given as average of a 2-year trial (n = 6). Values with different letters are significantly different (on the basis
of Newman—Keuls test, p < 0.05). ° A, identified by linear retention index and mass spectra of authentic standards; B, tentatively identified. ¢ Linear retention index based
on a series of n-hydrocarbons. 9 Not detected. & Concentration < 10 ppb.

with Douillard and Guichardy) and because of its ability to
extract compounds with an enolone structud&)(or methyl
anthranilate (38). Hirvi et al.1R) reported that decomposition

with these findings, extractions were performed &C4and at
pH ~3.5. InTable 5, the concentrations of volatiles are given with a (32)-enal structure are rapidly isomerized by A,2E)-
as average and minimuamaximum range of the two years of
harvest. With an average of 12.7% over the years of harvest,isolation method chosen [enzyme deactivation with saturated
the coefficients of variation are relatively good, particularly those NaCl solution during homogenization}4§—48), it seems

of Furaneol and mesifurane, respectively, 10.1% (ran@5—
26,1%) and 7.4% (range 2.9—17.2%).
As shown in Table 4, the maturation of cv. Cigaline

components isolated in immature strawberries (whitiaky).

proportions of furanones and acids increased as the fruit ripened.
As shown inTable 5, (E)-hex-2-enal was the mains@ldehyde
found in all stages compared to the levels of (Z)-hex-3-enal.
of Furaneol is dependent on pH and temperature. In accordanceThis is consistent with the results previously reported by Pérez
et al. @1). As previously mentioned, in most plants, compounds

enal isomerase to the E}-enal form (42—45). Due to the

reasonable to suppose that the concentrationg ob@pounds,
given in Table 5, are representative of the endogenous levels
of the fruit. These results are similar to those previously reported
strawberries is characterized by opposite changes in three majoin cv. Chandler strawberries {) or in various fruits 49—53)
groups of volatiles: gcompounds, acids, and furanones. C and confirm that @compounds certainly account for the “green”
aldehydes and alcohols, products of the enzymatic breakdownnote of immature strawberries.
of unsaturated fatty acids39, 40), are the main volatile

With decreasing concentrations ofs @ompounds, acids
become the major volatiles in strawberries. 2-Methylpropanoic,

The relative proportion of these so-called green components butanoic, 2-methylbutanoic, and hexanoic acids are present
decreased drastically with maturation, from 90.5 to 1.5% in already in white fruits, and their concentrations increase
white and dark red fruits, respectively, whereas the relative significantly during maturation, reaching their highest amounts
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in red?/, fruits and then slightly decreasing. Octanoic acid, not components in strawberry arontsd), increased with increasing
detected before red, stage fruits, showed a similar trend. maturity and then slightly decreased. Nevertheless, heptan-2-
Although the acids, because of their high threshold values, areone was present at close to its odor threshold level (50 ppb),
regarded as irrelevant compounds, 2-methylbutanoic acid wasand only pentan-2-one, present far above its odor threshold (50
found to have a characteristic strawberry flavdS). This ppb) (14), could play a role in Cigaline aroma.

compound was present in the last three stages of maturity at a Finally, the levels of benzyl alcohol decreased with increased
concentration far above (respectively, 38, 54, and 49 odor units) maturity. Nevertheless, due to its odor threshold (680.) (9),

its odor threshold in water (180 ppk}4). this compound probably has no influence on the aroma of

Furaneol (DHF) and mesifurane (DMF) are considered to be Cigaline.
among the most important volatiles reported in strawberry aroma  These results confirm that the formation of aroma compounds
(1, 2, 10, 11). In this study, these two compounds were not in fruit is a dynamic process, during which concentrations of
detected before the stage rég except for DHF at trace levels ~ Vvolatiles change both qualitatively and quantitatively. In im-
in pinky fruits. With increasing maturity, these two compounds Mmature fruits, @ compounds, in particulaE)-hexen-2-al, were
showed a similar pattern; levels of these compounds increasedhe main components, whereas furanones and esters were
rapidly with increased maturity, reaching their highest amounts generally not detected before réd, fruits. During fruit
for red /4 fruits and then slightly decreased. These results are maturation, levels of € compounds decreased drastically,
consistent with those previously reported by Sanz etld),( whereas those of furanones, acids, lactones, and esters increased
who assessed levels of these compounds in different strawberrysignificantly and are closely correlated with skin color. Maxi-
varieties by HPLC at four ripening stages (white, pinky, ripe, mum volatile production was observed at complete maturity,
and over-ripe). Although they account for20% of all that is, for full-red fruits. Nevertheless, results clearly indicate
compounds identified in mature fruit§gble 4), DHF and DMF that most of the changes in the levels of flavor-active compounds
are present at concentrations far above (respectively, 1550000ccurred between rell; and red?, stages. For that reason,
and 64000 odor units) their odor thresholds (respectively, 0.04 and because strawberries are often, for commercial reasons,

and 0.03 ppb), and it is obvious that these compounds play anharvested between these two latter stages, the changes in
essential role in the Cigaline aroma. volatiles and physicochemical characteristics of strawberries

subjected to a maturation “off plant” will be the subject of

In this study, foury-lactones were identified at the different ) a i
further investigations.

stages of maturity. Among these compoungsjecalactone,
previously reported as an important component in strawberry
aroma (5, was the main lactone. These compounds, well-known

in other fruits, are responsible for the spicy, floral, and fruity We thank Catherine Abaglo, Cathy Guérineau, Florence Ver-

characteristics of peach, apricot, or pIum_aroma_@i{Q,—S?). pont, and Pierre Vaysse for technical assistance and Amy Boiron
In general, they are not detected before pinky fruits, except for ¢ . ¢ s I discussion

y-decalactone at trace levels in white fruits. With increasing
maturity, their levels increased from early stages to’tefiuits

and then were found to be very similar. Excepiexalactone, ~ LITERATURE CITED
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ACKNOWLEDGMENT

(1) Latrasse, A. Fruits lll. InvVolatile Compounds in Foods and

concentration above their odor threshojdhexalactone, 1600 BeveragesMaarse, H., Ed.; Dekker: New York, 1991; pp 329

ppb; y-octalactone, 7 ppby-decalactone, 11 pph;-dodeca- 387.

lactone, 7 ppb) (55). Therefore, they are possible contributors (2) Schieberle, P.; Hofmann, T. Evaluation of the character impact

to the aroma of Cigaline strawberry. odorants in fresh strawberry juice by quantitative measurements
Among the esters, except hexyl and (E)-hex-2-enyl acetates, and sensory studies on model mixtur@sAgric. Food Chem.

1997,45, 227-232.

(3) Zabetakis, I.; Holden, M. A. Strawberry flavour: Analysis and
biosynthesisJ. Sci. Food Agric1997,74, 421—-434.

(4) Hirvi, T. Mass fragmentographic and sensory analyses in the

most were not detected until rédh fruits. This is consistent
with the results previously reported by Pérez et alf)(and
Yamashita et al.§8). The levels of these compounds increased

rapidly with increasing maturity, reaching their highest amounts evaluation of the aroma of some strawberry varietiehensm.

for red®/, and red", fruits, and then slightly decreased. Methyl Wiss. -Technol1983,16, 157—161.

butanoate, methyl 2-methylbutanoate, aBgl{ex-2-enyl acetate (5) Douillard, C.; Guichard, E. Comparison by multidimensional
were the major volatile esters identified in this study. Methyl analysis of concentrations of volatile compounds in fourteen
anthranilate was detected only at low levels in the two last frozen strawberry varietiesSci. Alimentsl989,9, 53-76.
stages. (6) Pérez, A. G.; Sanz, C.; Rios, J. J.; Olias, J. M. Comparison of

main aroma constituents of apple, banana and strawkiRey.
Esp. Cienc. Tecnol. Aliment993,33, 665—677.
(7) Ghizzoni, Cl.; Nova, M.; Del Popolo, F.; Porretta, S. Aroma

With regard to the terpenes, the levels Bj{and g)-furan
linalool oxide, linalool, and nerolidol significantly increased with

increased maturity. Linalool, widely reported in a number of related compounds of commercial strawberry variefiis. Ital.
fruits and particularly in Muscat grapeS9), was present at a 1997,17, 110—125.

low levels in early stages, reaching its highest amounts for red  (8) Dirinck, P.; De Pooter, H.; Willaert, G.; Schamp, N. Flavor
3/, and red¥, stages, and then slightly decreased. In all stages quality of cultivates strawberries: the role of the sulfur com-
of maturity, and in particular for mature stages, linalool was pounds.J. Agric. Food Chem1981,29, 316—321.

present at a concentration far above its odor threshold (6 ppb). (9) Pyysalo, T.; Honkanen, E.; Hirvi, T. Volatiles of wild strawber-
Due to its intense and pleasant note, this compound participates ries, Fragaria vescal., compared to those of cultivated berries,

very probably in Cigaline aroma. Nerolidol, first described in E;%ag? xlgﬁggassa:v. Senga Sengand. Agric. Food Chem

the strawberry by SChrelggl)’ was not (_jetected in white fruits (10) Zabetakis, I.; Holden, M. A. A study of strawberry flavour
but showed a trend similar to that of linalool. biosynthesis. IBioflavour '95, Feb 14—17, 1995; Etievant, P.,

With regard to the carbonyl compounds, the levels of pentan- Schreier, P., Eds.; INRA Editions: Dijon, France, 1995; pp211
2-one and heptan-2-one, previously described as important 216.



Strawberry Volatiles during Maturation

(11) Zabetakis, I.; Gramshaw, J. W.; Robinson, D. D. 2,5-Dimethyl-
4-hydroxy-H-furan-3-one and its derivatives: analysis, synthesis
and biosynthesis—a revierood Chem.1999, 65, 139—151.

(12) Hirvi, T.; Honkanen, E.; Pysalo, T. Stability of 2,5-dimethyl-4-
hydroxy-3(H)furanone and 2,5-dimethyl-4-methoxy-8{#ura-
none in aqueous buffer solutionebensm. Wiss. -Techn®b8Q
13, 324—325.

(13) Sanz, C.; Richardson, D. G.; Pérez, A. G. 2,5-Dimethyl-4-
hydroxy-3(2H)-furanone and derivatives in strawberries during
ripening. InFruit Flavors: Biogenesis, Characterization and
Authentication ACS Symposium Series 596; Rouseff, R. L.,
Leahy, M. M., Eds.; American Chemical Society: Washington,
DC, 1995; pp 268—275.

(14) Ulrich, D.; Hoberg, E.; Rapp, A.; Kecke, S. Analysis of
strawberry flavout-discrimination of aroma types by quantifica-
tion of volatile compounds. Z. Lebensm. Unters. Fors997,
205, 218—223.

(15) Miller, P. H.; Libbey, L. M.; Yang, H. H. Loganberry flavor
components of commercial essengeAgric. Food Cheml973
21, 508.

(16) Pyssalo, T.; Suihko, M.; Honkanen, E. Odour thresholds of the
major volatiles identified in CloudberryRubus chamaemorus
L.) and Artic Bramble Rubus arcticusL.). Lebensm. Wiss.
-Technol.1977,10, 36-39.

(17) Pérez, A. G.; Rios, J. J.; Sanz, C.; Olias, J. M. Aroma components
and free amino acids in strawberry variety Chandler during
ripening.J. Agric. Food Chem1992,40, 2232—2235.

(18) Miszczak, A.; Forney, C. F.; Prange, R. K. Development of

aroma volatiles and color during postharvest ripening of ‘Kent’

strawberriesJ. Am. Soc. Hortic. Scil995,120, 650—655.

Forney, C. F.; Kalt, W.; McDonald, J. E.; Jordan, M. A. Changes

in strawberry fruit quality during ripening on and off the plant.

In Proceedings of the International Posthast Science Confer-

ence, Posthalest 96 Acta Horticulturae 464; Bieleski, R., Laing,

W., Clark, C. Eds.; ISHS: Leuven, Belgium, 1998; pp 506

506.

Markocic, M.; Roudeillac, P. Progress in strawberry breeding

at CIREF—France—for fruit flavour and disease resistance. In

Proceedings of the 4th International Strawberry Symposium

Tampere, Finland; Acta Horticulturae 567; Hietaranta, T., Linna,

M.-M., Palonen, P., Parikka, P., Eds.; ISHS: Leuven, Belgium,

2002; pp 161—-164.

Risser, G.; Navatel, J. C. Phenologic stages of strawberry plant.

In Strawberry: Plant and Varietie€ditions Ctifl: Paris, France,

1997; pp 31—-36.

(22) Lesage, P.; Destain, M. F. Measurement of tomato firmness by
using a non-destructive mechanical sengtwsthavest Biol.
Technol.1996,8, 45-55.

(23) Duprat, F.; Pietri, E.; Grotte, M.; Loonis, D. Portable device
(“Tonimetre”) and cardboard desiged for fast estimation of fruit
firmness by sonometnSci. Alimentsl998,18, 3—12.

(24) Schotte, S.; De Belie, N.; De Baerdemaeker, J. Acoustic impulse-
response technique for evaluation and modelling of firmness of
tomato fruit. Postharvest Biol. Technoll999,17, 105—115.

(25) Little, A. C. Off on a tangentl. Food Sci1975,40, 410—411.

(26) Doyon, G.; Gaudreau, G.; St-Gelais, D.; Beaulieu, Y.; Randall,
C. J. Simultaneous HPLC determination of organic acids, sugars
and alcoholsCan. Inst. Sci. Technol. 1991,24, 87-97.

(27) Moio, L.; Chambellant, E.; Lesschaeve, |.; Issanchou, S.; Schlich,
P.; Etievant, P. X. Production of representative wine extracts
for chemical and olfactory analysiltal. J. Food Sci 1995, 3,
265—-277.

(28) Forney, C. F.; Breen, P. J. Sugar content and uptake in the
strawberry fruit. J. Am. Soc. Hortic. Sdi986,111, 241—247.

(29) Sen, A.; Schieberle, P.; Grosch, W. Quantitative determination
of 2,5-dimethyl-4-hydroxy-3(R)-furanone and its methyl ether
using a stable dilution assalebensm. Wiss. -Techndl991,

24, 365—369.

(19)

(20)

(1)

J. Agric. Food Chem., Vol. 52, No. 5, 2004 1253

(30) Hirvi, T.; Honkanen, E. The volatiles of two new strawberry
cultivars, “Annelie” and “Alaska Pioneer”, obtained by back-
crossing of cultivated strawberries with wild strawberries,
Fragaria vesca, Rgen andFragaria virginiana. Z. Lebensm.
Unters. Forsch1982,175, 113—116.

Schreier, P. Quantitative composition of volatile constituents in

cultivated strawberriebragaria ananassav. Senga Sengana,

Senga Litessa and Senga GourmellaSci. Food Agric1980,

31, 487—494.

Pickenhagen, W.; Veluz, A.; Passerat, J. P.; Ohloff, G. Estimation

of 2,5-dimethyl-4-hydroxy-3(2H)-furanone (Furaneol) in culti-

vated and wild strawberries, pineapples and mangdeSci.

Food Agric.1981,32, 1132—1134.

Ulrich, D.; Eunert, S.; Hoberg, E.; Rapp, A. Strawberry aroma

analysis by solid phase microextractiobtsch. Lebensm.-

Rundsch1995,91, 349—351.

(34) Ulrich, D.; Krumbein, A.; Rapp, A. Gas chromatographic analysis

of aroma of strawberry, cherry, and tomato by solid phase

microextractionDtsch. Lebensm.-Rundsd®97 93, 311-316.

Song, J.; Fan, L.; Beaudry, R. M. Application of solid phase

microextraction and gas chromatography/time-of-flight mass

spectrometry for rapid analysis of flavor volatiles in tomato and

strawberry fruitsJ. Agric. Food Chem1998,46, 3721—-3726.

Holt, R. U. Development of a method for analysing volatile

flavour components in strawberry using solid-phase micro

extraction and gas chromatography.Rmoceedings of the 4th

International Strawberry Symposium, Tampere, Finland; Acta

Horticulturae 567; Hietaranta, T., Linna, M.-M., Palonen, P.,

Parikka, P., Eds.; ISHS: Leuven, Belgium, 2002; pp-7436.

Parliment, T. H. Solvent extraction distillation techniques. In

Techniques for Analyzing Food Aromdarsili, R., Ed.; Dekker:

New York, 1997; pp 1—26.

Leahy, M.; Reineccius, G. Comparison of methods for the

analysis of volatile compounds from aqueous model systems.

In Analysis of Volatiles: New Methods and Their Application;

Schreier, P., Ed.; de Gruyter: Berlin, Germany, 1984; pp 19

47.

Tressl, R.; Bahri, D.; Engel, K. H. Lipid oxidation in fruits and

vegetables. IIQuality of Selected Fruits and Vegetables of North

America; Teranishi, R., Barrera-Benitez, H., Eds.; American

Chemical Society: Washington, DC, 1981; pp 213—232.

(40) Schreier, P. Biogenetic pathways.@hromatographic Studies
of Biogenesis of Plant Volatile8ertsch, W., Jenning, W. G.,
Kaiser, W. E., Eds.; Huthig: Heideberg, Germany, 1984; pp 33
36.

(41) Pérez, A. G.; Sanz, C.; Olias, R.; Olias, J. M. Lipoxygenase and
hydroperoxide lyase activities in ripening strawberry frults.
Agric. Food Chem1999,47, 249—253.

(42) Sanz, C.; Olias, J. M.; Perez, A. G. Aroma biochemistry of fruits
and vegetables. IfPhytochemistry of Fruit and Vegetabjes
Tomas-Barberan, F. A., Robins, R. J., Eds.; Oxford Science
Publications: Oxford, U.K., 1997; pp 313—329.

(43) Phillips, D. R.; Matthew, J. A.; Reynolds, J.; Fenwick, G. R.
Partial purification of properties of@is-3:trans-2-enal isomerase
from cucumber fruitPhytochemistry1 979,18, 401—404.

(44) Galliard, T.; Matthew, J. A. Lipoxygenase-mediated cleavage
of fatty acids to carbonyls fragments in tomato fruiBhy-
tochemistryl977,16, 339—343.

(45) Olias, J. M.; Pérez, A. G.; Rios, J. J.; Sanz, C. Aroma of virgin
olive oil: biogenesis of the green odor notds.Agric. Food
Chem.1993,41, 2368—2373.

(46) Shipton, J.; Whitfield, F. B.; Last, J. H. Extraction of volatile
compounds from green peaBigum sativum)J. Agric. Food
Chem.1969,17, 1113—1118.

(47) Murray, K. E.; Whitfield, F. B. The occurrence of 3-alkyl-2-
methoxypyrazines in raw vegetablds.Sci. Food Agric1975,

26, 973—986.

(48) McGlasson, W. B.; Last, J. H.; Shaw, K. J.; Meldrum, S. K.
Influence of the non-ripening mutants andnor on the aroma
of tomato fruit. Hortsciencel987,22, pp 632-634.

(31

~

32

(33)

(3%)

(36)

(37

~

(38)

(39

~



1254 J. Agric. Food Chem., Vol. 52, No. 5, 2004

(49) Engel, K. H.; Ramming, D. W.; Flath, R. A.; Teranashi, R.
Investigation of volatile constituents in nectarines. 2. Changes
in aroma composition during nectarine maturatibrAgric. Food
Chem.1988,36, 1003—1006.

(50) Mattheis, J.; Buchanan, D.; Fellman, J. Volatile compounds
emitted by sweet cherrie®funus aviumcv. Bing) during fruit
development and ripening. Agric. Food Cheml992 40, 471—

474.

(51) Horvat, R. J.; Senter, S. D. Comparison of the volatile constitu-
ents from Rabbiteye Blueberries/dccinium ashei) during
ripening.J. Food Sci.1985,50, 429—431.

(52) Dirninger, N.; Schaeffer, A.; Humbert, N. The flavour compo-
nents of mirabelle plums: Changes in aroma composition during
ripening. Sci. Alimentsl989,9, 725—740.

(53) Chapman, G. W., Jr.; Horvat, R. J.; Forbus, W. R., Jr. Physical
and chemical changes during the maturation of peaches (cv
Majestic).J. Agric. Food Chem1991,39, 867—870.

(54) Spencer, M. D.; Pangborn, R. M.; Jennings, W. G. Gas

Ménager et al.

nectarines. 1. Analytical and sensory characterization of aroma
components in some nectarine cultivaisAgric. Food Chem.
1988, 36, 549—553.

(56) Takeoka, G. R.; Flath, R. A.; Mon, T. R.; Teranishi, R.; Guentert,
M. Volatile constituents of apricoPfunus armeniaca J. Agric.
Food Chem1990,38, 471—477.

(57) Rizzolo, A.; Lombardi, P.; Vanoli, M.; Polesello, S. Use of
capillary gas chromatographyensory analysis as an additional
tool for sampling technique comparison in peach aroma analysis.
J. High Resolut. Chromatogf.995,18, 309—314.

(58) Yamashita, I.; lino, K.; Nemoto, Y.; Yoshikawa, S. Studies on
flavor development in strawberries. 4. Biosynthesis of volatile
alcohols and esters from aldehydes during ripenihgAgric.
Food Chem1977,25, 1165—1168.

(59) Mateo, J. J.; Jimenez, M. Monoterpenes in grape juice and wines.
J. Chromatography2000,881, 557—567.

chromatography and sensory analysis of volatiles from cling Received for review September 25, 2003. Revised manuscript received

peachesJ. Agric. Food Chem1978,26, 725—732.
(55) Engel, K. H.; Flath, R. A.; Buttery, R. G.; Mon, T. R.; Ramming,

December 24, 2003. Accepted January 11, 2004.

D. W.; Teranashi, R. Investigation of volatile constituents in JF0350919



