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Özet 
Organik ve konvansiyonel sistemlerde yetiştirilen Camarosa çilek çeşidinin meyve ağırlığı, meyve eni, meyve kalınlığı, meyve 
uzunluğu, meyve en/boy oranı, toplam kuru madde, titre edilebilir asitlilik ve antioksidan kapasiteleri gibi bazı fizikokimyasal 
özellikleri kıyaslanmıştır. Organik yetiştirme sistemi istatistiksel olarak toplam kuru madde ve toplam kuru madde/titre edi-
lebilir asitlilik değerlerinin artışı bakımından daha etkili bulunmuştur. Organik olarak yetiştirilen çilekler konvansiyonel 
olarak yetiştirilenlere göre daha koyu renkli olmuşlardır. Ek olarak, organik olarak yetiştirilen Camarosa çilek çeşidinin 
meyvelerinin toplam antioksidan aktivitesi konvansiyonel olarak yetiştirilenleden daha yüksek değerlerde bulunmuştur.  

Anahtar Kelimeler: Fragaria x ananassa Duch., Camarosa, organik yetiştirme tekniği, konvansiyonel yetiştirme tekniği, 
fiziko-kimyasal özellikler, antioksidan aktiviteleri 

Some Physico-chemical Properties and Antioxidant Capacities of organically and conventionally cultivated 
strawberry ‘Camarosa’ 

Abstract 
The nutritional quality of strawberry fruits of the Camarosa cultivar cultivated in organic and conventional cropping systems 
was compared based on physico-chemical characterization of the fruits by analyses of fruit weight, fruit width, fruit thick-
ness, fruit length, fruit width/fruit length, total soluble solids (TSS), titratable acidity (AT), TSS/AT and antioxidant capaci-
ties. The organic cropping system was statistically more effective in increasing contents of  TSS and TSS/TA in the conven-
tional growing system. The organic berries were darker red than conventional berries. In addition to, organically cultivated 
Camarosa strawberry fruit had more total antioxidant activity than conventionally grown one.  

Key Words: Fragaria x ananassa Duch., Camarosa, organic growing technique, conventional growing technique, physico-
chemical properties, antioxidant activities 

 

Introduction 

Although commercial strawberry (FragariaX-
ananassa Duch.) cultivation started towards the end of 
1970 in Turkey, the country is currently one of the 
biggest strawberry producer in the world with 250,000 
tons production annually (FAO, 2009). Recently some 
vegetable production areas of the Mediterranean re-
gion of Turkey have been converted to strawberry 
farms because of increased rentability of the Turkish 
strawberry production. The increased strawberry pro-
duction in Turkey has initiated an increased interest to 
grow organic strawberries by farmers (Eşitken et al. 
2010). 

Several studies have shown that consumers have posi-
tive attitude towards organic food (Loureiro et al., 
2001; Magnusson et al., 2001). Organic foods are 
associated with no concern, no risks and are seen as 
healthy (Tõnutare et al. 2009). In the past 10 years, so 
many review studies of the scientific literature com-
paring the nutrition of organic and conventional foods 

have been published. Many of these review studies 
(Reganold et al. 2010, Balcı & Demirsoy 2008, Polat 
& Çelik 2008, Abu-Zahra et al. 2006, Brandt & Mol-
gaard 2001, Worthington 2001, Williams 2002, Mag-
kos et al. 2003, Rembialkowska 2007, Benbrook et al. 
2008, Lairon 2010) found some evidence of organic 
food being more nutritious, whereas a few review 
articles (Dangour et al. 2009, Doran & Parkin 1994) 
concluded that there were no consistent nutritional 
differences between organic and conventional foods. 

The objective of the current study was to elucidate the 
effect of organic and conventional cultivation technol-
ogy on some physico-chemical properties and antioxi-
dant activities of strawberry ‘Camarosa’ fruits. 

Materials and methods 

Materials 

Strawberry fruits from one-year-old plantations were 
hand-harvested on 1 June 2010 from organic and con-
ventional orchards in Akcami-Bozyazı-Mersin-Turkey 
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(NL 36º 10′ 01.43″; EL 32º 55′ 44.72″, its elevation is 
2174 feet). The organically grown strawberries were 
obtained from an orchard certified to be Organic Farm 
(Certificate No: TR-OT-006-GD-379; Grower No: 
006-3303-01-1) by EKOTAR (Control and Certifica-
tion Body, Origin: Turkey, Location: Mersin) in Tur-
key where brown ferric-phosphoric riched loamy soils 
dominate. Weather conditions in 2010 were favour-
able for strawberry growth and fruit ripening. No 
synthetic herbicides or insecticides were used. Four 
weeks before planting, aged composted farm manure 
was applied to the soil. 3 t/da. farm manure, 3 lt/da 
humic acid, 900 g/da B5A (liquid organic fertilizer) 
were used in the organic orchard during the growing 
season. The water management was done by drip 
irrigation. Weed control was performed by hand 
weeding. Black plastic mulch (tichness: 0.30 mm) 
were applied to conserve moisture and help control 
weeds. The conventionally grown strawberries were 
fertilised with 8 kg of active nitrogen/da, 4 kg of ac-
tive phosphorus/da, and 4 kg of active potassium/da  
in the growing season. The conventional farms also 
had been managed conventionally for at least 5 years 
and included the use of inorganic and organic fertiliz-
ers, synthetic pesticides, and soil fumigation. Fruit 
samples were selected for uniform size, colour and 
absence of mechanical damage. Strawberries were 
placed in plastic trays and frozen immediately in liq-
uid nitrogen, then stored at -80 °C until analysis. 

Methods 

Physico-chemical analysis 

Sampling: Ten fruits of each treatment were used for 
all analysis. 

Determination of fruit mass: Fruit weight was meas-
ured by an electronic balance with an accuracy of 
0.01 g. Each measurement was replicated 10 times. 

Determination of size: From the samples, 10 fruits 
were selected at random for determining the physical 
characteristics. For each fruit, three linear dimensions 
were measured, that is length, width and thickness, 
using a digital caliper.  

Acidity: Titratable acidity (TA), expressed as % of 
citric acid, was determined in 10 ml of juice plus 50 
ml of distilled water by titration to pH 8.1 with 0.1 N 
NaOH. 

pH: The pH value was measured using a digital pH 
meter.  

Total soluble solids: The total soluble solids (TSS), 
expressed as %, was determined in the juice of each 
sample using a portable refractometer at 21 °C.  

Ratio (total soluble solids/titratable acidity):  The 
ratio was calculated using the relation between the 
total soluble solids by titratable acidity. 

Colour: Fruit color was evaluated by measuring 

Hunter L (brightness, 100 = white, 0 = black), a (+, 
red; -, green) and b (+, yellow; -, blue) parameters by 
means of a reflectance colorimeter (CR 300, 
Chromometer, Minolta, Japan). A white tile (No: 
21733001) was used to standardize the instrument. 

Free radical scavenging effect: The radical scaveng-
ing activity against the DPPH radical was evaluated 
according to the method of Serteser et al. (2008), with 
some minor modifications. The assay mixture con-
tained 1.5 ml of 0.09 mg/ml DPPH (Sigma Chemical 
Co., St Louis, MO, USA) in methanol, 1 ml acetate 
buffer solution (100 mM, pH 5.5). The dilutions be-
tween 0.4 and 4 mg/ml were prepared with methanol. 
Then 3.9 ml DPPH solution prepared with 6x10-5 M 
methanol was added to each 0.1 ml dilution and 
shaken well. The mixture was prepared and incubated 
for 60 min at room temperature in the dark. The ab-
sorbance of the remaining DPPH was determined at 
517 nm against a blank. The scavenging activity was 
expressed as the IC50 value (mg/ml). All analyses were 
carried out duplicate. 

Linear regression equations of absorbance against 
concentrations were determined by measuring the 
absorbances of seven different concentrations of 
DPPH (6x10-5 M) stock solution:  

A (515 nm)=16,264 (C DPPH)-0.0192 (R2=0,972) 

The remaining DPPH concentrations against absorb-
ance values of sample series of different concentra-
tions were calculated and then the remaining DPPH 
percentage was calculated: 

% Remaining DPPH=[DDPH] sample/[DPPH] control 

Exponential regression equation was obtained be-
tween the rate of the remaining DPPH percentage and 
the DDPH amount of sample in vitro, and the sample 
concentrations of plants that decrease the initial DPPH 
concentrations by 50% (efficient concentration 
[EC50]). The antiradical activity (AE) was calculated 
by dividing EC50 values into 1.  

Fe2+ chelating activity: The modified methods of Lim 
and Murtijaya (2007) were used for determination of 
the Fe2+ chelating activities of samples. One millilitre 
of extracts with different concentrations between 6 
and 45 mg/ml and 3.7 ml deionizer water were mixed. 
0.1 ml of 2 mol FeCl2 solution was added and shaken 
and kept at dark and room temperature for 70 min. 
Then, 0.2 ml of 5 mM ferrozin was added and shaken 
again, and the absorbance of the obtained Fe2+-
ferrozin complex after 10 min was measured at 562 
nm. One millilitre of water was used instead of sample 
for the control. The equation is as follows (Yen and 
Duh 1999): 

Chelating activity (%)=[1-(absorbance of sam-
ple/absorbance of control)]x100 
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H2O2 inhibition effect: The H2O2 inhibition effect of 
spice and plant extracts can be determined by spectro-
photometer (Ruch et al. 1989). One millilitre (2.6 and 
10 mg/ ml) of sample, 3.4 ml of 0.1 M phosphate 
buffer (pH 7.4) and 0.6 ml of 43 mM H2O2 were 
mixed and after 60 min the absorbance of mixture was 
measured at 230 nm. Control solutions without H2O2 
were prepared for each sample concentration. To de-
termine the H2O2 concentration that was not involved 
in the reaction, a linear repression equation was used. 
Phosphate buffer (3.4 ml) was added to 0.6 ml 10.15, 
25.43 at 230 nm. Linear equation formulas were ob-
tained by the graphic of Standard curve of absorbance 
vs. different concentrations of (+)- Catechin  

A (230)=0.0132 x C (H2O2, mM)+0.0971 (R2=0.985) 

(+)-Catechin was used as the reference antioxidant. 
The equation used is as follows: 

H2O2 inhibition capacity (%)=[1-(H2O2 conc. of sam-
ple/H2O2 conc. of control)] x100 

Statistical analyses 

Statistical analysis was done using the JAMP. The 
experiment was performed in completely randomized 
blocks design, with three replications. Differences 
between means were analysed by ANOVA test 
(p<0.05) (Püskülcü & İkiz, 1989).  

Results and Discussion 

In this study, some physico-chemical properties in 
terms of fruit weight, fruit width, fruit length, fruit 
width/length, SSC, pH, titratable acidity, fruit color 
and antioxidant content in organically and 
conventionally cultivated strawberry ‘Camarosa’.

 

Table 1. Some physico-chemical properties of  “Camarosa” strawberry fruit 

 Camarosa Strawberry Variety LSD Value Organic Conventional 
Fruit weight (g) 16,634 a 18,584 a 2.726 
Fruit width(mm) 33,096 b 36,210 a 2.488 
Fruit thickness (mm) 28,525 b 31,344 a 2.139 
Fruit length (cm) 34,304 a 33,405 a 1.300 
Fruit width/length 0,965 b 1,084 a 0.097 
SSC (%) 10,200 a 9,433 b 0.093 
pH  4.133 a 4.200 a 0.093 
TA (%) 0,9187 a 0,932 a 0,033 
SSC/TA 11,104 a 10,127 b 0.337 
Fruit Colour 
L 31,837 a 28,357 a 4.916 
a 33,927 a 29,067 b 2.106 
b 12,443 a 5,523 b 3.559 
* Values in all the lines not connected by same letter are significantly different (P<0,05). 

 

According to the Table 1, fruit weight did not show 
statistically significant difference in growing system 
(organic or conventional). Fruit width and length val-
ues of conventionally grown fruits were higher than 
organically grown. Total soluble solids and TSS/TA 
ratio were statistically higher in organically grown 
fruits. Tõnutare et al. (2009) elucidate the effect of 
cultivation technology and plant age on fruit composi-
tion of strawberries (Fragaria x ananassa Duch.) 
‘Polka’. Strawberry fruits from two- and three year-
old plantations were harvested on two conventional 
and two organic farms in South Estonia in 2008. The 
results indicate that the strawberries cultivated under 
organic farming conditions had higher TSS (11.5%), 
compared to the conventionally grown strawberries 
(9.5 %). Strawberry TA ranged from 0.92 to 1.07%, 
and was affected by the cultivation technology. In this 
study, the results were obtained Tõnutare et al. 
(2009)'s is consistent with that obtained. Also, Gunnes 

et al.(2009) reported that investigations showed that 
the ratio SSC/TA is one of the predictors of the sweet-
ness, sourness and flavour intensity of strawberry fruit 
(Tõnutare et al. 2009). Tõnutare et al. (2009) indicate 
that the conventionally -strawberry taste tends to be 
more acidic and less sweet compared to organically -
strawberries. Similar results were obtained in my 
study. Schöpplein et al. (2002) found that the sensory 
popularity of strawberry cultivars correlated positively 
with fruity odour, sweet and aromatic taste, but nega-
tively with watery taste. Abu-Zahra et al. (2006), 
carried out to determine the effect of four doses (1.5, 
3.0, 4.5, and 6.0 kg/m2) of fermented organic matter 
comparing with a conventional system on fruit quality 
of the strawberry cultivar in plastic house conditions 
during the 2004/2005 season at Abu-Ghannam's farm 
in Kreimeh in the northern Jordan Valley. They found 
that fruit titratable acidity (TA) percentage and size 
the conventionally produced fruits were higher than in 
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the organically produced fruits and the organic treat-
ments tended to produce fruits with higher total solu-
ble solids (TSS) percentage, compared to the control 
and conventionally produced fruits. Results in my 
study were in parallel with Abu-Zahra et al. (2006)’ s 
results.  Balcı & Demirsoy (2008) carried out to de-
termine yield and fruit quality of cvs. Sweet Charlie 
and Camarosa in conventional and organic growing 
systems in 2003-2005. Their study consisted of the 
following eight treatments: (1) Sweet Charlie using 
the conventional system mulched with a black plastic 
(SC-CL-BP), (2) Sweet Charlie using conventional 
system mulched with a floating sheet (SC-CL-FS), (3) 
Sweet Charlie using organic system mulched with a 
black plastic (SC-Or-BP), (4) Sweet Charlie using 
organic system mulched with a floating sheet (SC-Or-
FS), (5) Camarosa using conventional system mulched 
with a black plastic (CAM-CL-BP), (6) Camarosa 
using conventional mulched with a floating sheet 
(CAM-CL-FS), (7) Camarosa using organic system 
mulched with a black plastic (CAM-Or-BP), (8) 
Camarosa using organic system mulched with a float-
ing sheet (CAM-Or-FS). They found that the yield 
was higher in the conventional system than in the 
organic system in 2004, but no significant difference 
between the two was found in 2005. Soluble solid and 
vitamin C contents were higher in fruits grown using 
the organic system in both years. There was no differ-
ence between conventional and organic growing from 
the point of view of fruit weight and titreable acidity 
contents. At the end of their research, they recom-
mended the organic strawberry growing because of the 
beneficial effects on the environment, human health 

and its higher price in market. The values obtained 
from Balcı & Demirsoy (2008) were similar my re-
sults.  Polat & Çelik (2008) investigated that the ef-
fects of different organic applications on yield and 
some quality parameters of Camarosa and Fern straw-
berry cultivars at Ankara University Faculty of Agri-
culture Ayaş Horticultural Research Centre during 
2002-2004 years. They obtained that the highest yield 
values from Green manure + farmyard manure+humic 
acid+foliar fertilizer application (Fern: 177,07 g/plant, 
Camarosa: 133,9 g/plant). As a result, they suggested 
the green manure+farmyard manure+humic acid + 
foliar fertilizer application to organic strawberry 
growers in Ankara ecological conditions. I support the 
results of Polat & Çelik (2008) in terms of high qual-
ity and high efficiency via organic farming practices. 

L, a, b values of fruit color were different depending 
on the growing system. These values are organically 
grown fruits, 31.837, 33.927, 12. 443 respectively, and 
conventionally grown fruits, 28.357, 29.067 and 5.523 
respectively. Reganold et al. (2010) determined that 
fruit firmness and external color intensity (C*) were 
similar between conventional and organic berries, but 
organic berries were darker red (significantly lower L* 
and hab) than conventional berries. Although their 
darker red color did not result in a preference for the 
appearance of organic over conventional ‘Lanai’ and 
‘San Juan’ strawberries by consumer-sensory panels, 
these panels did prefer the appearance of organic 
‘Diamante’ berries to their conventional counterparts. 
I also found that organically grown strawberries were 
more dark red than the conventionally grown ones.

  

Table 2. DPPH radical scavenging effects, Fe+2 chelating activity (%) and H2O2 inhibition activity (%) of fruit 
extracts 

 Camarosa Strawberry Variety LSD value Organic Conventional 
EC50 2,113 2,243  
AE 0,473 a 0,446 b 0.019 
Fe Chelating Activity (%) 40,987 a 39,993 a 1.500 
H2O2 Inhibition (%) 45,787 a 43,773 b 0.914 
aEfficiency coefficient (EC50) (mg sample/mg DPPH): sample amount needed to decrease the DPPH concentration at the 
beginning by 50 %, bAntiradical activity (AE): 1 / EC50. 
* Values in all the lines not connected by same letter are significantly different (P<0,05) 

 

The DPPH radical scavenging assay is commonly 
employed to evaluate the ability of antioxidant to 
scavenge free radicals. The use of the DPPH free 
radical is advantageous in evaluating antioxidant ef-
fectiveness because it is more stable than the hydroxyl 
and super oxide radicals (Layina-Pathirana et al., 
2006). Radical scavenging activity, expressed as EC50, 
ranged from 2.113 mg g-1 to 2.243 mg g-1. The inverse 
relationship was found between Antiradical activity 
and EC50 values in the fruit grown by different grow-
ing system. Because of a lower EC50 value indicates 

greater antioxidant activity. Between two strawberry 
fruit types have different results. According to Table 
2, higher antiradical activity was found organically 
grown fruit (0.473) than conventionally grown fruit 
(0.446) Because of different growing system, statisti-
cally significant differences were observed in terms of 
antiradical activity. According to the Table 2, the 
chelating activity was found to be statistically the 
same group. H2O2 inhibition activity method is used to 
eliminate O2●¯, even though the superoxide radical 
anion (O2●¯) does not initiate lipid oxidation directly. 
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Super reactive hydroxyl radical (.OH) may be formed 
from the Fenton Reaction (Fe+2 + H2O2→ Fe+3 + OH¯ 
+ .OH) in the presence of metal ions. For this reason, 
H2O2 inhibition activity is an important method for the 
determination of antioxidant characteristics (Serteser 
et al. 2009a, Serteser et al. 2009 b, Serteser et al. 
2008). In terms of H2O2 inhibition activity of fruit 
extracts were found statistically different. This value 
was obtained in organically grown fruit to be 45.787 
%; conventionally grown fruit to be 43.773 %. Kova-
cevic et al. (2008) compared to conventional cultiva-
tion to organic cultivation, organic cultivation had 
effect on slightly higher levels of total phenolics, 
flavonoids and nonflavonoids in Elsanta and Marmo-
lada strawberry cultivars. In spite of this, conventional 
strawberries showed higher antioxidant activity. 
Among fresh samples it is observed that cv. Elsanta 
contains higher amounts of total phenolics and fla-
vonoids while cv. Marmolada contains higher 
amounts of nonflavonoids. According to my research, 
organically grown fruit has high antioxidant content 
than conventional. Therefore, the results obtained by 
Kovacevic et al. (2008)  were in contrast with this 
research results. Reganold et al. (2010) investigated to 
strawberry (Fragaria x ananassa Duch.) varieties 
grown on the study farms included ‘Diamante’ and 
‘San Juan’ in 2004 and ‘Diamante’, ‘San Juan’, and 
‘Lanai’ in 2005. Strawberry fruit were collected from 
each of 13 pairs of organic and conventional straw-
berry farm fields in June and September 2004 and 
April, June, and September 2005. Organic strawber-
ries had significantly higher total antioxidant activity 
(8.5% more), ascorbic acid (9.7% more), and total 
phenolics (10.5% more) than conventional berries, but 
significantly less phosphorus (13.6% less) and potas-
sium (9.1% less). Specific polyphenols, such as 
quercetin and ellagic acid, showed mixed or no differ-
ences. Results in my study were in parallel with Reg-
anold et al. (2010)’ s results.  Jin et al. (2011) investi-
gated the effects of cultural systems and storage tem-
peratures on antioxidant enzyme activities and nonen-
zyme antioxidant components in two cultivars (‘Ear-
liglow’ and ‘Allstar’) of strawberries. They found that 
strawberries grown from organic culture exhibited 
generally higher activities in antioxidant enzymes. 
Moreover, the organic culture also produced fruits 
with higher level of antioxidant contents. In conclu-
sion, they expressed that strawberries produced from 
organic culture contained significantly higher antioxi-
dant capacities and flavonoid contents than those 
produced from conventional culture. Jin et al. (2011) 
emphasized that strawberries grown in organic culture 
had significantly higher ORAC, _OH and DPPH radi-
cals scavenging capacities than those in conventional 
culture. Similar results were found in this research. 
Conclusions 
In conclusion, the data presented in this paper indi-
cated that the cultural systems significantly affect the 
some physico-chemical properties and antioxidant 

capacity of strawberries. Strawberries produced from 
organic culture contained significantly higher level of 
total soluble solids and antioxidant capacities than 
those produced from conventional culture. Because of 
these findings organically grown strawberry fruits can 
be more delicious and healty. 
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