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Abstract       In the present study  the antioxidant  capacity  of   Batavia 
lettuce  (Lactuca sativa L.) and rocket (Eruca sativa L.) cultivars produced 
from conventional and an organic farming  with Arbuscular Mycorrhizal Fungi 
(AMF) named “Convivo”, patented by the Mi.P.A.A.F (Ministry of Agricultural 
Food and Forestry), was evaluated using Oxygen Radical Absorbance 
Capacity (ORAC) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays. Total 
phenolic content (TPC) of the two salads was also analyzed in order to 
evaluate the influence of farming on antioxidant activity. The association with 
AMF resulted in greater quantities of polyphenols in salads. The antioxidant 
capacity of rocket and lettuce grown with AMF was higher  than that of 
conventional culture. Significant correlations were observed between TPC 
content and ORAC/DPPH values. The shelf life and maintenance of the 
nutritional quality of salads cultivated under conventional and organic farming 
were compared. Mycorrhized farming increased the antioxidant activity of 
salads as well as its stability overtime, compared with conventional farming. 
Within the mycorrhizal cultivars the treatment was more effective in rocket 
than in lettuce, giving a product with a longer „shelf life‟.   
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Plants are important part of the human diet containing 

bioactive components that may play physiological 

effects other than nutrition, which may increase human 

health [23]. Regular consumption of vegetables is 

associated with reduced risks of chronic diseases such 

as cancer, Alzheimer‟s and cardiovascular diseases [17, 

19, 24]. Epidemiological studies have demonstrated the 

protective effect of lettuce (Lactuca sativa L.), leafy 

green and cruciferous vegetable consumption against 

cancer  [17, 14].  

The human body has an elaborate antioxidant system 

which is influenced by lifestyle and dietary intake of 

minerals and antioxidant compounds such as 

polyphenols, vitamins C and E and carotenoids [8].  

Among these compounds, polyphenols are essential in 

exerting their positive activity on human health and 

contribute strongly to protect the human body from 

oxidative stress and inflammation [22, 36].  

Lettuce and other salads exhibit healthy properties 

mainly due to their content of antioxidant compounds 

such vitamin C and polyphenols [33, 26, 21]. It has 

been reported that lettuce consumption increases the 

total cholesterol end-products excretion and improves 

antioxidant status due to the richness of antioxidants 

[26]. Therefore, regular consumption of lettuce should 

contribute to improve protection against cardiovascular 

diseases [21].  Moreover, a recent study reported the 

protective effect of lettuce extract on carbon 

tetrachloride induced  oxidative damage in rats  [12].  

Lettuce, one of the most widely consumed vegetables 

in the human diet, is extensively grown and  represent 

the most widely used food crop for the so-called fourth 

range of vegetables [2] which also includes rocket 

(Eruca sativa L.). The term originally meant fresh, 

cleaned, possibly chopped and mixed vegetables ready 

to be seasoned and eaten [4].  

The fourth range products, and in particular salads, are 

subject new styles of preparation, presentation and 

consumption that are by both the consumer and the 

modern retailer. The Italian market prefers leafy 

vegetables such as lettuce, rocket, endive  (Cichorium 

endivia) and valerian (Valeriana officinalis), which 

that nowadays represent more than 60% of fourth range 

products sold. While conventional food-processing 

methods extend the shelf-life of vegetables, the 

minimal processing to which fresh vegetables are 

subjected renders these products highly perishable, 

requiring chilled storage to ensure  a reasonable shelf 

life [11]. Shelf life is the time before the product drops 

below acceptable limits under standardized storage 

conditions  [30].  

Generally the shelf life of the commercial fourth range 

products varies from 5 to 7 days; after this time 

qualitative alterations (browning, softening) can take 

place, due to bacterial enzymes which can compromise 

the organoleptic characteristics [1, 30].   

Several studies have reviewed the nutritional 

differences between organic and conventionally grown 
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foods [13, 15, 18].  A higher content of phenolic 

compounds  and vitamin C in organic plant-foods, as 

well as lower content of nitrate and pesticide residues 

has been reported [15]. Recently the association of 

lettuce with arbuscular mycorrhizal fungi (AMF) was 

shown to improve its nutritional quality  [16, 2].  

Arbuscular mycorrhizal symbioses are mutualistic 

associations between soilborne fungi belonging to the 

phylum Glomeromycota and the roots of about 80% of 

plant species. These symbiotic associations are the 

result of co-evolution between fungi and plants where 

both partners benefit from the reciprocal nutrient 

exchange [5]. In general, the symbionts trade nutrients, 

and the arbuscular  mycorrhizal fungus obtains carbon 

from the plant while providing the plant with an 

additional supply of phosphorus (as phosphate). AMF 

play a key role in soil fertility and plant nutrition, 

enhancing the uptake and translocation of mineral 

nutrients from soil to host plants [5].  The 

establishment of the symbiosis involves a continuous 

cellular and molecular dialogue between both 

symbionts that includes the activation of the 

antioxidant or carotenoid metabolic pathway. The AM 

symbiosis can also stimulate the synthesis of plant 

secondary metabolities, which increase plant tolerance 

to biotic and abiotic stresses [2]. It has been reported 

that mycorrhizal colonization can induce an 

accumulation of secondary compounds, including 

polyphenols [7, 3]. Polyphenols are members of a very 

large family of plant-derived compounds that show an 

extensive variety of chemical structures. 

Epidemiological studies suggest that high dietary 

intake of polyphenols is associated with decreased risk 

of a range of diseases including cardiovascular disease, 

cancer and neurodegenerative diseases. The antioxidant 

activity of phenolic compounds  is  mainly due to their 

free radical reactivity, as hydrogen or electron donating 

agents, and also to their metal ion chelating properties 

[34].   

The aim of the present study was to compare two 

different agricultural practice for lettuces cultivation,  

conventional farming and organic farming with AMF 

called the “Convivo” method (CM). Two goals were 

pursued in the present work: (1) to evaluate  the 

antioxidant activity, assessed mainly by Oxygen 

Radical Absorbance Capacity  (ORAC) assay of 

Batavia lettuce and rocket, and to compare  the two 

agricultural practices on the basis of total polyphenol 

content and antiradical activity; (2) to evaluate if 

lettuce and rocket treated with AMF were able to 

preserve their quality and their bioactive molecules for 

a longer period of time than the samples from 

conventional farming. 

 

 

 

 

 

 

Materials and Methods 

 

Plant material  and agricultural conditions 

 
Batavia lettuce (Lactuca sativa L., ssp acephala L., var 

Batavia) and rocket  (Eruca sativa L.) were chosen for 

this study. These salads were cultivated under 

commercial conditions by Zooassets (San Benedetto Po, 

MN, Italy). Lettuce and rocket were sown directly in 

greenhouses. For the conventional crops only, the soil 

was fertilized with a liquid fertilizer containing 

nitrogen and trace elements, without phosphorus.  

“Convivo”  method farming (CM) 

The commercial inoculum „Mycosat F‟ from CCS 

Company (Aosta, Italy), a mixture of  mycorrhizal 

fungi and bacteria: Glomus sp., Tricoderma sp. and 

Rhizobacteria  was applied to the CM crops. Mycosat F  

was patented   by the  Italian Mi.P.A.A.F (Ministry of 

Agricultural Food and Forestry) ( DG COSVIR - N. 

0010058 - 04/05/2010). This inoculums was 

supplemented with barley malt extract (EMAL). Plants 

were inoculated with 250 mg of inoculum for 2000 m
2 

at sowing time. Two subsequent treatments of lettuce 

and rocket plants (250 mg of inoculum for 1000 m
2 

)
 

were performed.  

The two kinds of salad  (conventional and CM) were 

cultivated in two separate and bordering greenhouses. 

The plants were irrigated with collected rainwater 

when needed. During the cultivation the mean 

temperature was 15°C (10°C minimum, 25°C 

maximum). 

 

Experimental analysis  
 

Lettuce and rocket  were cut and collected on seven 

different dates at 45 day intervals, starting on January, 

2014 in regard with the first „cut‟, until the end of 

December 2014. Salad samples belonging to a single 

cut were divided in three time-groups: T0: salad 

samples washed, mixed and packaged after the cut; the 

analysis was  performed immediately; T5: salad 

samples packaged and maintained at 4°C for 5 days 

after the cut; T7: salad samples packaged and 

maintained at 4°C 7 days after the cut.  The leaves of 

salad samples  at T0 were  scanned into a digital format, 

then the foliar surface was determined with „Image 

analysis J1. 44‟ software, according to the method of 

O‟ Neal  [28]. 

 

Samples extraction 
 

Samples extraction was performed according to the 

method of Ou [29], with some modifications [27]. 

Fresh salads were weighted (10 g), homogenized with 

a blender without pre-freezing. The homogenate was 

suspended (1:2 w/v) in acetone (70:30 v/v) with  5% 

perchloric acid (v/v), shaken for 2 h in the dark at 4°C, 

then centrifuged at 5000 g for 20 min. The extraction 
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was repeated twice and the supernatants were collected 

and used directly, without evaporation, for ORAC and 

2,2-diphenyl-1-picrylhydrazyl (DPPH) assays, 

according to the  Michiels [25] method. 

 

Determination of antioxidant activity 

 ORAC assay   
 

The antioxidant activity of salad extracts was evaluated 

in triplicate by the ORAC assay, as described by 

Ninfali [27], with some modifications. Fluorescein 

sodium salt stock solution (10
−3

 mM) and Trolox stock 

solution (13.5 mM)  in 0.075 M K-phosphate buffer, 

pH 7.4 were stored at -20°C. 2,2‟-azobis(2-

methylpropionamidine) dihydrochloride (AAPH) 0.33 

M in 0.075 M K-phosphate buffer pH 7.4 was prepared 

fresh daily. The assay was carried out using a Victor 

X3 plate reader fluorimeter (Perkin Elmer Life and 

Analytical Sciences, Wallac Oy, P.O. Box 10, FIN-

20101 Turku, Finland). A calibration curve was 

previously performed using Trolox as standard 

antioxidant. Fluorescence was read at 485 nm and 535 

nm of excitation and emission, respectively, until 

complete extinction. The ORAC values were 

calculated according to the formula: 

ORAC =   (As – A b)    x k a 

(At – Ab) 

 

where As is the area under curve (AUC) of 

fluorescence of the sample, Ab is the AUC of the blank, 

At represents the AUC of Trolox, k is the dilution 

factor, a is the Trolox concentration (µM).  

The ORAC values were expressed as µmol of Trolox 

Equivalents (TE) 100 g
-1 

fresh weight.  

The % decrease of antioxidant activity was calculated 

from the ratio ORAC units T7/ ORAC units T0. 

 

DPPH  radical- scavenging assay  
 

The antioxidant activity of salads was also tested using 

the DPPH radical reduction assay, based on the method 

of Brand-Williams [6]. The free radical scavenging 

activity was determined according to the method of 

Tepe, modified by Frassinetti [10]. Salad extracts were 

diluted in a solution of 80% methanol (v/v) in distilled 

water. The absorbance of the samples was measured at 

the wavelength of 517 nm using a UV/visible 

spectrophotometer (Perkin Elmer, Wallac Oy, Turku, 

Finland). The radical scavenging activities were 

obtained from the following equation:   

 

Scavenging effect (%) =  

[ A0 – (A – Ab) / A0 ] × 100 

 

where A0 is the control absorbance (Absorbance517 of 

DPPH solution), Ab is the blank absorbance 

(Absorbance517 of the sample without DPPH solution) 

and A represents the sample absorbance 

(Absorbance517 of the sample with DPPH solution). A 

calibration curve for DPPH radical was performed with 

the standard Trolox at the concentration ranging from 

10 to 300 µM. 

 

Determination of total  phenolic content 
 

Total phenolic content of salads extracts was 

determined according to Folin-Ciocalteu‟s colorimetric 

method described by  Singleton [35] with some 

modifications.  

Extraction was performed according to Michiels [25] 

with some modifications; fresh samples of salad were 

weighted (2 g) and immediately homogenized with a 

blender before addiction of solvent  solution made  

with  60%  aqueous  

methanol (v/v) in the ratio of 1:10 w/v.  

Gallic acid was used as  the standard and total phenolic 

content (TPC) was expressed as mg of gallic acid 

equivalents (GAE) 100 g
-1

 fresh weight. 

 

Statistical analysis 
Results of ORAC, DPPH  and  TPC assays are the 

average (± standard deviation) of three independent 

experiments, and each experiment was performed in 

triplicate. Results were statistically analysed using the 

Student‟s test. Differences were considered significant 

at p ≤ 0.05. 

 

Results and Discussions 
 

AMF symbiosis enhanced growth of plants; in fact, the 

leaves of lettuce and rocket treated with CM were 

larger and with a more brilliant green color relative to 

the control, as shown in Fig.1 A, B and C, D, 

respectively. The leaf area, measured at T0, of lettuce 

and rocket treated with CM was greater than that of 

control samples (CM lettuce: 29 ± 2 cm
2
, lettuce 

control: 20 ± 1 cm
2
). (CM rocket: 18 ± 2 cm

2
, rocket 

control 8.7 ± 0.7 cm
2
). The differences of the leaf areas 

in both salads were statistically different at p ≤ 0.05.
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Figure 1. A) Batavia lettuce (Lactuca sativa) Control (conventional farming); B) Batavia lettuce (Lactuca sativa), 

inoculated with AMF (“Convivo” Method, CM); C) Rocket control (Conventional farming);  D) Rocket  inoculated 

with AMF (“Convivo” Method, CM). Photographs were taken at harvest, 7 weeks after transplanting 

 

Antioxidant  activity (ORAC assay)  
 

Among the chemical tests used to determine 

antioxidant activities in fresh fruits and vegetables the 

ORAC assay is considered more relevant than assays 

such as 2,2‟-azinobis 

 (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and 

ferric-ion reducing antioxidant power (FRAP), because 

it is the only method that combines the inhibition time 

and degree of inhibition in a single quantity [37]. The 

ORAC assay takes into account the kinetic action of 

antioxidants unlike the others. Therefore this assay was 

applied to compare the two agricultural practices. 

The data obtained on antioxidant activity of all samples, 

evaluated by ORAC assay are reported in Figures 2, 3 

and 4. 

Figure 2 shows the ORAC values of lettuce and rocket 

samples from the second cut. The antioxidant capacity 

of rocket control decreased from 640 µmol TE 100 g
-1

 

f.w. at T0 to 560 µmol TE 100 g
-1

 f.w. at T7 . 

The antioxidant activity of CM rocket was greater than 

the control at T0, T5 and T7, as shown in Figure 2. The 

ORAC values of the CM rocket at T5 was slightly 

lower  than at T0, indicating a good conservation of the 

antioxidant activity over time. These data confirmed 

hypothesis that treatment with AMF sustained a good 

preservation of the antioxidant capacity in rocket 

samples. Regarding lettuce, significantly higher 

antioxidant levels were found in the CM than in the 

control samples at T0 and T5, but not at T7 (Figure 2). 

 

 

 
Fig. 2: ORAC values (µmol TE/100 g) of salad samples  from the second cut. CM represents the  sample treated with 

micorrhizal fungi (“Convivo” Method, CM). Results are derived from triplicate determinations, means  ± s.d.,  * 

significantly different from their corresponding controls with p ≤ 0.05. 
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Figure 3: ORAC values (µmol TE/100 g) of salad samples from the third cut. CM represents the  sample treated with 

micorrhizal fungi (“Convivo” Method, CM). Results are derived from triplicate determinations, means  ± s.d., * 

significantly  different from their corresponding controls with p ≤ 0.05. 

 

The antioxidant activity of lettuce and rocket samples 

coming from the third cut is shown in Figure 3. The 

antioxidant activity of CM lettuce at T0 and CM rocket 

at T7 was significantly higher than in the corresponding 

controls. In fact the control rocket samples showed a 

42% decrease of antioxidant activity (calculated as 

ratio of ORAC values between T0 and T7), whereas  the 

CM rocket samples exhibited a 25% decrease. ORAC 

values of CM lettuce samples were lower than those of 

CM rocket. With lettuce no significant difference was 

evident at T7 in comparison to the control and the loss 

of the antioxidant activity was about 30% (Fig. 3). 

The time course of the antioxidant activity decrease of  

the second cut samples was different with respect to 

those of the third and fifth ones; however the ORAC 

values of CM Rocket samples at T7 were higher than 

the control ones.  

Figure 4 shows the results of  fifth cut. The antioxidant 

activity of rocket control samples decreased from 1400 

µmol TE 100 g
-1

 f.w. at T0 to 900 µmol TE 100 g
-1

 f.w. 

at T7  with  35% decrease, while in the case of CM 

rocket samples the decrease was 13%. Regarding the 

Batavia lettuces the  decrease of antioxidant activity 

was 23%  and 18%  respectively for Batavia control 

and CM Batavia samples,  as  shown in Fig. 4 These 

data are in agreement with those of the third cut.

 

 

 

 
Figure 4: ORAC values (µmol TE/100 g) of salad samples from the fifth cut. CM represents the sample treated with 

micorrhizal fungi (“Convivo” Method, CM). Results are derived from triplicate determinations, means  ± s.d., * 

significantly different from their corresponding controls with p ≤ 0.05. 

 

 

DPPH  Radical scavenging assay 

 
Several methods have been developed to assess the 

radical scavenging activity. Among them, the 2,2- 

diphenyl-1-picrylhydrazyl (DPPH) method is one of 

the most reliable especially for fruits, vegetable juices, 

and plant extracts [32].  DPPH assay is considered a 

valid accurate, easy and economic method to evaluate 
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radical scavenging activity of antioxidants, since the 

radical compound is stable and does  not need to be 

generated  [31].  

 

 

 
 

Figure 5: Free radical-scavenging activity of salad samples  from the second cut evaluated by the DPPH assay. Trolox 

was used as standard. CM represents the sample treated with micorrhizal fungi (“Convivo” Method, CM).  Results are 

derived from triplicate determinations, means  ± s.d.  * significantly  different from their corresponding controls with p 

≤ 0.05. 

 

The antioxidant capacity of lettuce extracts was also 

evaluated with the DPPH assay and the  results are 

presented in Figure 5. The free radical scavenging 

activity of rocket  control extracts determined by 

DPPH varied from 70% at T0 to 38% at T7, whereas that 

of CM rocket  varied from 76% at T0 to 50% at T7. The 

CM treatment induced significant differences in rocket 

samples both at time T5 and time T7, with respect to the 

control, as shown in Figure 5.  The DPPH scavenging 

activity of rocket  samples was higher than lettuce; no 

statistically significant differences were observed in 

lettuces at all times examined. 

The decrease of antioxidant activity over time was 

lower in CM rocket samples than in those of CM 

Batavia (Fig. 5). The results of DPPH assay  agree with 

those of ORAC test confirming a good correlation 

between DPPH and ORAC assays. 

 

Total phenolic content 

 
Results of  total polyphenol content evaluated by Folin-

Ciocalteu‟s assay are shown in Figure 6. The amount 

of total polyphenol content (TPC) in AMF grown 

lettuces was higher than in products conventionally 

grown. In fact TPC value of CM rocket at T0 was about 

72 mg GAE) 100 g
-1

 fresh weight, whereas TPC value 

of control rocket was about 44 mg GAE) / 100 g of 

fresh weight.  As shown in Figure 5, TPC values of 

CM rocket samples were significantly higher  than 

control  at all analyzed times. TPC content in lettuce 

was lower than control; no significant differences 

between control and CM treated Batavia samples have 

been found ( Fig. 6).  Our results are in agreement with 

literature  studies which showed that the antioxidant 

activity of Lactuca sativa L. species correlated with 

total phenolic content  [20].  
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Figure 6: Total polyphenol contents, expressed as mg GAE/100 g fresh weight of the average of three cuts examined. 

CM represents the sample treated with micorrhizal fungi (“Convivo” Method, CM). Results are derived from triplicate 

determinations, means  ± s.d.,*  significantly different from their corresponding controls with p ≤ 0.05. 

 

 

 

 

The results  of the present study suggest that Convivo 

treatment increases the polyphenol content. These data 

are in agreement with those of  Baslam [2], which  

showed  that application of  AMF increased the total 

levels of phenolic compounds in lettuce. 

 

Correlation between ORAC, DPPH and TPC assays 

 

Correlation analysis was used to evaluate the 

relationship among the results of different antioxidant 

assays. Results from ORAC and DPPH assays 

correlated  well among themselves (not shown),  as 

well as with total polyphenol content, as shown in  

Table 1. 

 

 

Table 1 

Linear correlation coefficients  between    ORAC, DPPH  and TPC values of  CM Rocket samples  

(Panel A) and CM Batavia samples (Panel B) 

 ORAC DPPH 

Panel A) 

TPC 

 

0.90* 

 

0.85* 

 

 ORAC DPPH 

Panel B) 

TPC 

 

0.82* 

 

0.75* 

* significant correlation at  p ≤ 0.05. 

 
These experimental data are  in agreement with those 

of  Du [9], showing a significant correlation between 

oxygen radical absorbance capacity (ORAC) and total 

phenolic content in Actinidia fruits. 

 

Conclusions 

 
Our results show that Convivo method  (CM) increases 

both the antioxidant activity and total polyphenol 

content of rocket (Eruca sativa L.) and Batavia 

(Lactuca sativa L.), compared to the conventional 

farming method. Taken together, our study indicates 

that the fertilization treatment with  arbuscular 

mycorrhizzal fungi (AMF) increased the quality of 

lettuces, improving its antioxidant capacity and 

maintaining it over time. The treatment was more 

effective in CM rocket, compared to lettuce  allowing 

the production of lettuce with high antioxidant activity 

and longer shelf life. Organic mycorrized farming may 

represent an efficient and  sustainable strategy to 

increase the shelf life of salads with considerable 

benefits in term of health and marketing. 
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