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Six strawberry cultivars grown on the same commercial plantation in Brazil were evaluated for their
chemical composition and quality attributes at the ripe stage. The profiles of the main soluble sugars,
ascorbic acid, and anthocyanins were also obtained during the developmental stages. Results showed
significant differences among cultivars in all of the investigated parameters. Cv. Campineiro showed
an average value for texture of 0.63 N, half the value found for cv. Oso Grande. Anthocyanin content
ranged from 13 (cv. Campineiro) to 55 (cv. Mazi) mg/100 g. Total ascorbic acid found for cv.
Campineiro (85 mg/100 g) was twice the amount found in cv. Dover (40 mg/100 g). Fructose was
the predominant soluble sugar in almost all cultivars. The proportion among the main soluble sugars
(fructose, sucrose, and glucose) was similar for Oso Grande and Toyonoka cultivars. The flavonol
content (quercetin plus kaempferol derivatives) ranged from 2.7 to 7.1 mg/100 g, with a mean value
of 6.1 mg/100 g, whereas free ellagic acid ranged from 0.9 to 1.9 and total phenolics varied from 159
to 289 (mean 221) mg/100 g.
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INTRODUCTION such as genotypic differences, preharvest climactic conditions,
. . . . and postharvest handling procedures (9).
Strawberry is a nonclimacteric fruit that usually take80 Flavonoids are widely distributed bioactive compounds found

days to achleV(_a full size and maturity. This time s highly in plant foods and can be grouped in several structural classes
dependent on light, temperature, soil composition, and other.

. - ; . ) including anthocyanins, flavones, flavan-3-ols, flavanones,
conditions of culpvatlon D). Besides its atfractive color a_nd . flavonols, and tannins. Besides being closely associated with
?St:ﬁjt?[ﬁgfgﬁtl;;l;gri %%?gpsc?ﬁr:gi o;sgﬁ]bgzyggﬁziizgaﬁgthe sensory at'_tributes of fruits,_ flavonoids a_nd phen_olic agid;
flévonoi ds (2) ' have rec_e!v_ed mcrgased attention due to th_e|r poten_tlal antioxi-

' ) o dant activities, which may also exert cardioprotective effects
Sugars are the main soluble components in ripe strawberyi, hymans. Strawberries were recently reported as having the

fruit, with glucose, fructose, and sucrose accounting for almos.t highest antioxidant activity among 12 fruits analyzed, and the
99% of total sugar content. Glucose and fructose are predomi-cqntribytion of vitamin C to the total antioxidant activity was

nant over sucrose, and the total sugar content can change duringetimated as being 15% (10).
the growing period; however, the proportion of each sugar
remains constant, even for different growing conditions and 15
cultivars (3,4). Like sugars, organic acids are important for
flavor, and the sugar/acid ratio is calculated to determine the
opti_mumtime for_strawberry harvesting, because it is considered content ranged from 5 to 14 mg/kg of FW and ellagic acid
an |_nde>.< of 9“3"W (5. ) ) content from 396 to 586 mg/kg of FW. Cultivation technique
Vitamin C is one of the most important free radical scavengers spowed no effect on phenolic levels (12).

in plants, animals, and human®)( It is defined as all
compounds exhibiting the biological activity ofascorbic acid

Hakkinen et al. (11) reported a total flavonol content of-12
mg/kg of fresh weight (FW) in two strawberry varieties,

Senga Sengana and Jonsok, represented by quercetin and

kaempferol. For six varieties cultivated in Finland, total flavonol

The amount of anthocyanins is important for the maturity
8 . evaluation of strawberries. The index of maturity used for
(AA), such as.-dehydroascorbic acid (DHA), usually present 5 esting is the red color resulting from anthocyanin synthesis
in <10% of the total pool of vitamin C7( 8). The content of  oresponding to half or three-fourths of the fruit (13). The main
vitamin C in fruits and vegetables depends on various factors anthocyanin found in strawberries is pelargonidin 3-glucoside,
with cyanidin 3-glucoside and pelargonidin 3-rutinoside present
* Corresponding author (fax 55-11-38154410; e-mail fmlajolo@usp.br). as minor components (14).
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Table 1. Physical Characterization of Six Strawberry Cultivars (Mean + SD of

Cordenunsi et al.

n Assays) Harvested at the Ripe Stage

cultivar
physical characteristic Mazi Oso Grande Dover Pajaro Toyonoka Campineiro
length (cm) 38+05 44+0.6 43+0.6 34+05 34+06 33105
wide (cm) 34+03 29+04 29+0.2 25+04 26+04 29+04
weight (g) 149+35 22575 126 £3.6 11.0+£21 14749 95+£37
texture (N) (n = 10) 0.98+0.2 1.2+03 0.85+0.1 ND 0.96 +0.2 0.63+0.2
n 58 70 74 38 48 90

In this study, six of the most important cultivars produced in
Brazil, produced at the same time on the same commercial
plantation, were compared in terms of their physicochemical
characteristics. The profiles of the main soluble sugars, ascorbic
acid, and anthocyanins were also obtained during fruit develop-
ment of the six strawberry cultivars.

MATERIALS AND METHODS

Material. Strawberry fruit (Fragaria ananass@uch.) of the
cultivars Toyonoka, Pajaro, Mazi, Dover, Campineiro (Brazilian
cultivars), and Oso Grande were harvested on the same commercial
plantation located in Atibaia (S8o Paulo State, Brazil). Fruits were

classified in five stages: small green (stage 1); medium size green (stage

2); full size green (stage 3); full size white turning red (stage 4); and
full size three-fourths red (stage 5). At least 40 fruits in each stage
were picked, weighed, and measured in length and diameter. Sample
were made into pieces, immediately frozen in liquid nitrogen, and stored
at —80 °C. At the time of analysis, samples were thoroughly
homogenized by powdering in liquid nitrogen.

Anthocyanin Content. Strawberry samples (2 g of FW) were ground
with 20 mL of methanol containing 1% HCI, using a Brinkmann
homogenizer (Polytron; Kinematica GmbH, Kriens-Luzern, Sweden),
and centrifuged at 2000@r 15 min (4°C). Anthocyanin content was
estimated as pelargonidin 3-glucoside at 510 nm, using a molar
absorptivity coefficient of 36000 and expressed as milligrams per 100
g of FW.

Carbohydrate Analysis. Soluble sugars were extracted successively
with three portions of boiling 80% (v/v) aqueous ethanol. The

supernatants were combined, and the ethanol was evaporated under

vacuum. The soluble sugar content was analyzed by HPLC-PAD
(Dionex, Sunnyvale, CA), using a R&olumn (Dionex) in an isocratic
run, with 18 mM NaOH during 25 min.

Ascorbic Acid Content. AA was extracted with metaphosphoric

S

enizer, Polytron, Kinematica GmbH), while cooled in ice. The
homogenate was filtered under reduced pressure through filter paper
(Whatman No. 1), and the combined fractions were evaporated under
vacuum at 40°C to ~20 mL in a Rotavapor RE 120 (Biichi, Flawil,
Sweden) and made up to 25 mL with water. An aliquot of 20 mL of
the extract was addea ta 1 gpolyamide SC6 column (Macherey-
Nagel Gmbh and Co) preconditioned with methanol (20 mL) and water
(60 mL). The column was washed with water (20 mL) and further eluted
with methanol (40 mL) to elute the neutral flavonols and with methanol/
ammonia (99.5:0.5) to elute the acidic flavondl8). These fractions
were evaporated to dryness under reduced pressure @t 4édissolved

lin methanol (1 mL), and filtered through 0.22m PTFE filters
(Millipore Ltd., Bedford, MA).

Identification and quantification of flavonols was achieved using
analytical reversed-phase HPLC in a Hewlett-Packard 1100 system with
autosampler and quaternary pump coupled to a diode array detector.
The column used was a Prodigy 5u ODS3 reversed-phase silica (250
mm x 4.6 mm i.d., Phenomenex Ltd.), and elution solvents were (A)
water/tetrahydrofuran/trifluoroacetic acid 98:2:0.1 and (B) acetonitrile.
The solvent gradient was the same one used by Price é7alekcept

for the separation of acidic flavonols, where the initial % B was 25%
in order to allow separation of ellagic acid from quercetin glucuronide.
Samples were injected in duplicate, and flavonols were quantified using
quercetin-3-rhamnoglucoside (rutin) (Apin Chemicals Ltd., Abingdon,
U.K.) as an external standard. Calibration was performed by injecting
the standard three times at five different concentrations. Results were
expressed as milligrams of quercetin (aglycon) per 100 g.

RESULTS AND DISCUSSION

Physical Characteristics.The average weight of the fruits
ranged from 9.5 to 22 g, with Pajaro and Campineiro cultivars
being the smallest ones and cv. Oso Grande the largabte

1). Considering that the number of fruits per pack can be affected

acid (1% wiv) and analyzed by reversed-phase HPLC in a Hewlett- Py regularity of fruit weight, the coefficient of variation (CV)
Packard 1100 system with autosampler and quaternary pump coupledrom the average weight was calculated. Two cultivars showed

to a diode array detector. The column used wasBondapak (300
mm x 3.9 mm i.d., Waters, Milford, MA), and elution (flow rate of
1.5 mL/min) was performed in isocratic conditions with 0.2 M sodiun
acetate/acetic acid buffer (pH 4.2), monitored at 262 nm. Total AA
was estimated after reduction of DHA with 10 mM DTT.

Titratable Acidity (TA), Total Soluble Solids (TSS), and Texture.

TSS were measured with an Abbe refractometer (Carl Zeiss, Jena,
Germany) calibrated against sucrose. Determination of texture was
carried out using pieces (& 1 cm) of 10 different fruits from each
cultivar, using a texturometer model TA-X12, equipped with a TA-7
USDA Warner-Blatzler knife with triangle cut (SMS Godalming,
Surrey, U.K.). Results were expressed in newtons. Titratable acidity
was measured according to AOAC Method 942.15)(@nd expressed

as milligrams of citric acid.

Total Phenolics. Total phenols were determined according to the
method of Swain and Hillis (16), using the Folin—Ciocalteu reagent.
Results were expressed as milligrams of catechin per 100 g of FW.

Flavonol Content. Extraction of flavonols was performed according
to the method of Price et al17), with some modifications. Frozen
samples (~30 g, in duplicate) were extracted three times in a solvent
mixture (100 mL the first time, 50 mL the next two times) comprising
methanol/water/acetic acid (final solvent composition 70:30:5, including
the water of strawberries) at speed 5 for 1 min (Brinkmann homog-

a CV of ~20% (Mazi and Pajaro), whereas cv. Oso Grande
and Toyonoka showed CV values of 33%. Cv. Campineiro was
the most irregular one (CW¥ 39%).

Fruits of the Campineiro cultivar were the softest ones, with
an average value of 0.63 N, which is half the value observed
for cv. Oso Grande. This result is consistent with the empirical
observation that cv. Campineiro strawberries are extremely
prone to mechanical damage and bruising, which limits their
postharvest shelf life.

Water content of the fruits can also make a contribution to
the firmness, because cell turgor can affect the mechanical
resistance of the tissue. However, as showhahle 2, the water
contents of the six cultivars studied are quite similar, ranging
from 89.7 to 93.1%. Even when one considers that the value of
water content of cv. Campineiro fruits was one of the highest,
and water can contribute to cell turgor, differences in composi-
tion of cell wall are more likely to be the reason for the
contrasting behaviors in relation to firmness.

Acidity and pH. Strawberry flavor is conditioned in part by
the balance between sugars and acids expressed in ripe fruits,
and the organic acids are the second contributors (after sugars)
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Table 2. Chemical Composition (Mean + SD of Triplicate Assays) of Six Strawberry Cultivars Harvested at the Ripe Stage?

cultivar

constituent Mazi Oso Grande Dover Pajaro Toyonoka Campineiro
water (%) 91.2+0.2 90.5+0.3 93.1+0.1 90.8+1.3 89.7+0.2 92.8+0.2
soluble solids (%) 75 8.0 54 9.0 9.4 6.0
glucose (mg/100 g) 713+ 108 1713 +23 1520 + 82 951 +52 1495 + 271 1371 + 389
fructose (mg/100 g) 1327 + 353 1928 + 37 1852 + 99 1232 + 66 1591 + 182 1547 + 372
sucrose (mg/100 g) 661 + 120 1803 + 67 908 + 30 807 + 48 1316 + 212 847 + 298
citric acid (mg/100 g) 600 590 680 ND 590 710
total ascorbic acid (mg/100 g) 50.9+0.4 63.3+£2.3 40.1+55 69.3+2.1 55.6 £3.8 85.3+0.8
anthocyanin (mg/100 g) 549+5.6 422+83 522+6.6 212+20 19.1+15 134+23
total phenolics (mg/100 g) 1743+23 249.8+0.7 219.7+0.6 2331+21 158.6 + 3.0 289.2£8.7

@ Values of SD for citric acid were under 2%.

Table 3. Flavonol and Free Ellagic Acid Content (Milligrams per 100 g of FW) (Mean £ SD of Duplicate Assays) of Six Strawberry Cultivars at the
Ripe Stage

cultivar
constituent Mazi Oso Grande Dover Pajaro Toyonoka Campineiro

free ellagic acid 1.36 +0.01 1.87 +0.08 1.01+0.01 0.90 £0.04 0.98 +0.03 1.62 +0.03
neutral flavonols

quercitin derivative 0.39£0.02 0.45+0.02 0.32£0.01 0.46 £0.02 0.30 £0.01 0.29 £0.01

kaempferol derivative 0.25+0.01 0.28+0.01 0.75+0.02 0.67 +£0.02 0.14+0.01 0.56 +0.02
acidic flavonols

quercitin derivative 5.32+0.06 482+0.11 414 +0.10 414+0.14 1.90 +£0.09 408+0.12

kaempferol derivative 1.01+£0.04 1.56 £0.05 1.31+£0.04 1.51+0.05 0.33£0.02 157 +£0.03
total quercitin 571 5.27 4.46 4.6 2.20 4.37
total kaempferol 1.26 1.84 2.06 2.18 0.47 2.13
total flavonols 6.97 7.11 6.52 6.78 2.67 6.50

to the soluble solids of strawberries. Besides their importance to that of AA, reaching maximum values at full maturity.

in flavor, acids are important in processing because they affect Sucrose, fructose, and glucose were the main soluble sugars
the gelling properties of pectin. Citric acid contributes 92% and detected in all cultivars studied, and they showed similar profiles
malic acid 9% of acidity§). The acidity (calculated as percent during development and ripeningigure 2). There was a close
wi/w) of a typical ripe strawberry is-1.01, with a minimum of relationship between fructose and glucose content and also
0.57 and a maximum of 2.26. For the cultivars tested, citric between the proportion of these two sugars during development.
acid contents are all near the minimum, with a variation between At the full maturity stage, the proportion among sugars was
0.59 and 0.71 (Table 2). The sugar/acid ratio in all cultivars, very similar in all strawberry cultivars except for Dover and
except Mazi, was>5.3, which is the value mentioned in the Pajaro fruits, which presented a significantly higher amount of
literature (5), probably because of the low acid content. In the fructose. In general, the proportion of sucrose in the cultivars
case of cv. Oso Grande, the ratio was 9.2 and for cv. Mazi it was higher than that described by Wrostade and Shallenberger
was 4.5, because of the low sugar contents. (19), who found a sucrose maximum of 17% of total sugars.

Total Ascorbic Acid. Strawberries are considered to be a The sucrose profile shown ifigure 2 for all cultivars is
good source of vitamin C, having an average AA content of 60 different from that found in cv. Brightord}, because a decrease
mg/100 g B). The values of AA content for the six varieties of sucrose content concomitantly with the color appearance was
studied were around this average value (Table 2); cv. Campi- found at ripening time. The results presented here point to values
neiro is the richest in AA, with 85 mg/100 g of FW, twice the of ~33% for each sugar in cv. Oso Grande and Toyonoka. The
amount found in cv. Dover strawberries (40 mg/100 g of FW). other cultivars showed at least 22% of sucrose.

All of the cultivars showed an increase in total AA content Together with color and vitamin C content, sweetness is
from the early stages of development to full maturity, but another important attribute of strawberries, and because the
followed different patternsHigure 1). Whereas the AA contents  relative sweetness in relation to sucrose can be equal or higher
of cv. Toyonoka and Oso Grande increased continuously during for fructose and lower for glucose, it is obvious that it can be
development, the levels of AA in cv. Mazi and Campineiro affected by changes or differences in sugar composition.
increased significantly at the transitions from stages 1 to 2 and However, because taste is a complex phenomenon, which is
from 2 to 3, respectively. Because there was no information also related to acids and volatiles and is dependent on food
about stages 1 and 2 of cv. Dover and Pajaro fruits, any matrix, it is not possible to establish a simple relationship
interpretation of changes in AA content of these cultivars is between sugar content and sweetness of the six cultivars of
limited. In Mazi and Campineiro cultivars there was no increase strawberries studied based only on chemical analysis. Soluble
in total AA associated with ripening (change in color from solids (Table 2) were also different among cultivars; whereas
white-green to red). Because cv. Campineiro and Mazi are thecv. Dover has 5.4%, cv. Pajaro has almost twice the amount,
AA-rich and AA-poor cultivars, respectively, it appears that 9.4%.
there is no relationship between final AA content and pattern  Anthocyanins. Besides size and shape, color is another
of accumulation in the tissue during fruit development. important component of strawberry fruit appearance, and it is

Soluble SugarsAs shown inFigure 1, the total sugar content  defined by the anthocyanin content. Although all cultivars have
of strawberries during development changed in a similar way started accumulating anthocyanin at the first stage, they showed
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Figure 1. Time course of total soluble sugars (O), anthocyanin (@), and
total ascorbic acid (A) contents of Toyonoka, Oso Grande, Campineiro,
Mazi, and Dover strawberry cultivars during development and ripening.
Fruits were classified in five stages: small green (stage 1); medium size
green (stage 2); full size green (stage 3); full size white turning red (stage
4); and full size three-fourths red (stage 5). Points represent means of
triplicate (+ standard error).
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Figure 2. Time course of glucose (O), fructose (@), and sucrose ()
contents of Toyonoka, Oso Grande, Campineiro, Mazi, and Dover
strawberry cultivars during development and ripening. Fruits were classified
in five stages: small green (stage 1); medium size green (stage 2); full
size green (stage 3); full size white turning red (stage 4); and full size
three-fourths red (stage 5). Points represent means of triplicate (+ standard
error).

a great increase in anthocyanin content between stages 4 and
5, associated with the ripening processgure 1). Cv. Mazi
was an exception because it showed a dramatic increase in
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anthocyanins from stage 3 to 4 and had a higher content of Toyonoka cultivar. However, these results are different from
anthocyanin. It was observed that the inner part of cv. Mazi those reported by Hékkinen et alll), who found a similar
fruits is strongly colored, giving them a more homogeneous and much lower content of quercetin and kaempferol for the
appearance. In contrast, in cv. Campineiro fruits anthocyanins varieties Senga Sengana and Jonsok. Hékkinen and Torrénen
are predominantly distributed on the surface, resulting in fruits (12) found a kaempferol content ranging from 0.2 to 0.9 mg/
slightly colored red in the surface and pink to white in the inner 100 g of FW and a quercetin content from 0.3 to 0.5 mg/100 g
parts. of FW for nine strawberry cultivars grown in Finland. According

The amount of anthocyanin determined for the six cultivars to these results, the cultivars analyzed here would be more
ranged from 13 to 55 mg/100 g of fresh fruftable 2). These promising in relation to beneficial effects on health, due to their
values are compatible with other cultivars described in the much higher content of flavonols. However, besides varieties
literature such as Chandler [80 mg/100 g of FW (20)] and Red and environmental conditions, some discrepancies in flavonol
Gauntlet with [30 mg/100 g of fresh fruiB]]. On the basis of ~ contents could be related to maturity stage and/or to the
the data presented here, groups of strawberries can be clearlynethodology used (sample preparation, determination of agly-
defined in relation to the anthocyanin content. One group would €Ons after acid hydrolysis vs glycosyl derivatives, etc.). In this
be composed of the Mazi, Oso Grande, and Dover cultivars, SENS€, Hakkinen and Torrénet?) observed that the conditions
which showed 2 times more anthocyanin than the group Used by them for sample storage (—20/8—9 months) could
composed of cv. Pajaro, Toyonoka, and Campineiro fruits at lead to some losses, kaempferol being more susceptible than
the full ripening stage. This difference in anthocyanin composi- duercetin. In any case, the differences found could not be
tion can be reflected not only in the color of the fruits or their €Xplained solely on the basis of differences of methodology and
attractiveness but also in the benefits to the consumer’s health 2 Most probably inherent to the cultivars used.
as a consequence of its antioxidant activity. However, besides Ellagic Content. There is an increasing interest in the
anthocyanins, other flavonoids, phenolic acids, and vitamins can@mounts of ellagic acid in fruits due to the evidence of its
contribute to the protective effect against oxidative damage to SUPPosed anticarcinogenicity. The main sources of ellagic acid
cells. Considering the AA and anthocyanin contents together, IN OUr diet are by far strawberries, raspberries, and blackberries
there might be an inverse relationship between the levels of (22)- For the six cultivars analyzed, free ellagic acid ranged
these compounds in strawberfaple 2). Cv. Campineiro fruits ~ 1om 0.9 to 1.9 (mear= 1.3) mg/100 g of FW, similar to the
were the richest in AA but showed a poor red color, as indicated Values reported by Amakura et a3) and Gil et al. 14).
by the lower anthocyanin content. On the other hand, Mazi and However, most of the ellagic acid in berries is present as an
Dover cultivars showed high levels of anthocyanin and the ellagitannin esterified with glucose, demanding an acid hy-
lowest levels of AA, whereas the other cultivars had intermediate drolysis step to liberate i2é). The total ellagic acid content of

contents. It would be possible that AA and anthocyanin have a '€d Pulp was previously reported as ranging from 43 to 464
complementary or superimposing action in strawberry, probably M3/100 g of DW 5), which, considering a mean water content

as antioxidant agents, acting to protect cells against oxidative ©f 90%, would correspond to 4—46 mg/100 g of FW. A lower
damage. This would explain why fruits that are rich in one of Variation was found by Hakkinen et allq) for six strawberry
these two compounds are relatively poor in the other one. cultivars analyzed, which had ellagic acid contents ranging from

. . 39.6 to 52.2 mg/100 g of FW.
T Totallfhetnoésg.;’otal pcf;enol]cs_conten/tl\geged l;rlc;r\‘r/1V159d(cv. The overall results indicated that, depending on the intended
os/ono ?)t %t (ff:/ am_pme|f10) mgl tg_% | ;n dwas use of the fruits, different cultivars could be more or less
go fﬁ.”ef.a; oan ocyartur:jot: avonaoi conte _besl an ted suitable. Cv. Toyonoka had the lowest values for vitamin C,
szr'awtfar:ir:aslI;grgv?;a(re;(gtee(;ife d t?;zu\f:rg/ahsigpr:i\gﬁgesn)tl cr)?gﬁ;gic’anthocyanins, soluble solids, total phenolics, and total flavonols.
i ) ) H ith , @ high f | ,
andp-coumaric acids, which together represe®5% of total owever, it had a good texture, a high amount of total sugars

henol udi th ) Th iation found h and a low amount of citric acid, counting for a good taste. Cv.
pheno’s, exciuding an ocyaniri). nhevariation found Neré 5, Grande had the best values concerning weight, texture, total
in total phenolics content among cultivars, of 1.8 at maximum,

" tensi that found for fl ids (4.1 f flavonols, free ellagic acid, total phenolics, and total soluble
was not as extensive as that found for flavonoids (4.1 for sugars and had good amounts of anthocyanins and vitamin C,
anthocyanins). According to their biological activities and

. . _being the most suitable cultivar for fresh consumption in terms
influence on consumer acceptance, the content of anthocyanin

S ) %f nutritional value and quality parameters. Cv. Mazi had the
would be a more significant parameter of quality than the content highest amounts of anthocyanins and flavonols but had some
of total phenols.

of the lowest values of vitamin C, citric acid, and total soluble
Flavonols. Total flavonol content of cv. Toyonoka was much  sygars.

lower than those of the other five cultivar§able 3), corre-

sponding to only 38—41% of their contents. Myricetin was not AckNOWLEDGMENT
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