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The relationships between nitrate concentration, total chlorophyll, chlorophyll a and b concentrations, 
chromaticity values L*, a*, b*, hue and chroma in parsley (Petroselinum crispum Mill.) and rocket salad 
(Eruca sativa Mill.) were investigated. Every month, during 2004 and 2005, three samples for each leafy 
vegetable were obtained from the market, and after the measurement of colour with a tristimulus 
colorimeter as Commission Internationale De L'eclairage L*a*b*, nitrate, total chlorophyll, chlorophyll a 
and b concentrations were determined analytically. Correlation analysis showed that in both 
vegetables, there were highly significant correlations (P<0.001) between nitrate, total chlorophyll, 
chlorophyll a, L* and a* values, and it was possible to estimate total chlorophyll and nitrate 
concentrations by L* or a* values. 
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INTRODUCTION 
 
Green leafy vegetables are important elements of a 
balanced diet with their mineral, vitamin and dietary fibre 
contents, and low carbohydrate content (Žnidarčič et al., 
2011). However, leafy vegetables may accumulate high 
amounts of nitrate, and usually they are the major 
contributor of the daily nitrate intake changing between 
30 to 90% (Santamaria, 2006). Although the potential 
health risks of nitrate intake was showed to be 
exaggerated recently, (L’hirondel and L’hirondel, 2002; 
Addiscott, 2005; Powlson et al., 2008), reducing dietary 
nitrate intake is advised (Santamaria, 2006) and 
European Union legislation impose limits on the 
maximum acceptable nitrate concentrations of lettuce 
and spinach, which is likely to be extended to other leafy 
vegetables in the future (Burns et al., 2011).  

Nitrate accumulation in leafy vegetables is affected by 
many factors such as genetics, environmental conditions 
(temperature, light intensity, relative humidity and water 
content of the soil), and cultural practices (the form and 
amount of applied nitrogen and other nutrients) (Maynard 
et al, 1976). Santamaria (2006) classified vegetables 
according to their nitrate content, and vegetables which 
belong to Brassicaceae, Chenopodiaceae, 
Amarantaceae, Asteraceae and Apiaceae families, tend 
to accumulate nitrate more compared to others.  

Since chlorophyll mostly consisted of nitrogen 
containing enzymes and other organic compounds 
(Chapman and Barreto, 1997), there is a positive 
correlation between the nitrogen and chlorophyll 
concentrations of leaves. Several researchers studied the 
possibility of using this relationship to determine the 
nitrogen status of plants (Wood et al., 1992; Sandoval-
Villa et al., 1999, 2000; Madeira and Varennes, 2005) 
and instead of analytical methods, recent research mostly 
focused on chlorophyll meters since they are portable 
and chlorophyll concentration can be estimated non-
destructively. Another possibility of estimating chlorophyll 
concentration is tristimulus colorimeters. Several studies 
showed that there is a correlation between the dominant 
pigment concentration and one or more chromatic 
parameters such as carotenoids in apricots (Ruiz et al., 
2005) and orange juice (Melendez-Martinez et al., 2003), 
lycopene in tomatoes (Arias et al., 2000; Hyman et al., 
2004), anthocyanins in Acer leaves (Schmitzer et al., 
2009) and chlorophyll in pepper leaves (Madeira et al., 
2003). 

The aim of this study was to determine the correlations 
between nitrate concentration, chlorophyll concentration 
and chromaticity values in rocket salad and parsley, 
which  are  very  high  (>2500 mg·kg-1)  and high (1000 to  
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Table 1. Summary of parsley leaf sample nitrate, chlorophyll and colour values. 
 

Parameter  
Nitrate 

(mg·kg-1) 
Total Chlorophyll 

(mg·g-1) 
Chl - a 

(mg·g-1) 
Chl - b 

(mg·g-1) 
L* a* b* Hueº Chroma 

Mean 419.44 1.17 1.02 0.15 42.71 -17.27 21.45 128.81 27.57 
SD 145.92 0.06 0.05 0.03 0.48 1.31 0.93 2.74 0.91 
Min. 203.73 1.06 0.95 0.10 42.02 -19.90 19.86 123.75 25.31 
Max. 1030.53 1.28 1.10 0.19 43.50 -15.05 22.98 134.96 29.73 
Number  72 72 72 72 72 72 72 72 72 

 
 
 
2500 mg·kg-1) nitrate containing leafy vegetables 
(Santamaria, 2006), in order to determine the possibility 
of using tristimulus colorimeters for estimating the nitrate 
content.  
 
 
MATERIALS AND METHODS 
 
Plant material 
 
Rocket salad (Eruca sativa Mill.) and parsley (Petroselinum crispum 
Mill.) samples were obtained from local markets in Izmir during year 
2004 and 2005. Starting from January, every month three 1 kg 
samples of rocket salad or parsley were obtained. Samples were 
immediately brought to the laboratory, where they were washed first 
with tap water, then twice with deionized water. Excess water was 
removed with a domestic salad spinner. 
 
 
Colour measurement 
 
Leaf colour was measured with a Minolta CR 300 Colorimeter 
(Minolta, Japan) as Commission Internationale De L'eclairage (CIE) 
L*a*b*. Colorimeter was calibrated with the standard white tile prior 
to measurements (Žnidarčič et al., 2010). A minimum of 20 plants 
were measured twice for each sample, and chroma and Hue angle 
values were calculated from a* and b* values with the following 
formulae; 
 

 

 

 
 
 
Chlorophyll analysis 
 
Total chlorophyll, chlorophyll a and chlorophyll b were determined 
according to the standard method of AOAC (1995). Briefly, 2 g of 
leaf sample was disintegrated with circa 0.1 g CaCO3 and 85% 
aqueous solution of acetone; filtered through quantitative filter 
paper, and washed with acetone until no visible pigment remained. 
The filtrate was made up to volume with the aqueous solution of 
acetone, and 25 ml of pigment solution was poured into a 
separation funnel and 50 ml of diethyl ether was added. After all the 
colour was transferred to diethyl ether layer, water was discarded. 
Diethyl ether solution was washed with distilled water until all the 
acetone was removed. Acetone free solution was transferred to a 
volumetric flask and made up to volume with diethyl ether, and a 
teaspoonful of Na2SO4 added to obtain a clear solution. Then, this 
solution was diluted to give an absorbance value of circa 0.6 at 
660 nm, and the absorbance values at 642.5 and 660 nm were 

determined. Total chlorophyll, chlorophyll a and chlorophyll b were 
calculated with the following formulae, and expressed as mg·g-1 
fresh weight (FW); 
 
Total chlorophyll = 7.12·A660 + 16.8·A642.5 
 
Chlorophyll a = 9.93·A660 - 0.777·A642.5 
 
Chlorophyll b = 17.6·A660 - 2.81·A642.5 
 
 
Nitrate analysis 
 
Nitrate concentration of fresh leaves was determined 
colorimetrically according to the method of Balk and Reekers 
(1955). 5 g of fresh leaves were homogenized in a Waring Blender 
with 50 ml of distilled water, transferred to 100 ml volumetric flasks, 
made up to volume and filtered through white ribbon filter paper. 
After centrifuging at 7500 rpm for 7 min, 1 ml of salicylic acid (5%, 
5 g salicylic acid in sulphuric acid-both from Sigma-Aldrich Chemie, 
Germany) was added to 0.5 ml of the filtrate, and vortexed. After 
the solution was cooled, 10 ml of 5% NaOH (Sigma-Aldrich 
Chemie, Germany) was added, vortexed for 1 min and the 
absorbance value of the coloured phase was measured at 410 nm. 
Nitrate (mg·kg-1 FW) concentration was calculated against the 
standard curve constructed by known concentrations of potassium 
nitrate (Sigma-Aldrich Chemie, Germany). 
 
 
Statistical analysis 
 
All the chemical analyses were carried out in triplicate for each 
sample and average values of chemical analyses and colour 
measurements for each sample were used in statistical analysis. 
The data were analyzed statistically with SPSS v. 11 for Windows 
(SPSS Inc., USA). Pooled data were subjected to correlation and 
linear regression analyses to determine the relationships between 
chromaticity, chlorophyll and nitrate concentrations. 
 
 
RESULTS 
 
Parsley 
 
The changes in colour, total chlorophyll, chlorophyll a and 
b, and nitrate concentration of 72 parsley samples are 
given in Tables 1 and 2. The nitrate concentrations of the 
leaves were below the acceptable daily intake of 3.7 mg 
nitrate per kg bodyweight (Scientific Committee on Food, 
1995). The monthly averages of nitrate concentrations 
changed between 354.53 in March, and 445.66 mg·kg-1 in 
June.  In  general,  nitrate  concentrations  of   the  leaves     



 

 
 
 
 
Table 2. Changes in parsley leaf sample nitrate, chlorophyll and colour values during the study (data are the mean of  year 2004 and 
2005).  
 

Month  
Nitrate 

(mg·kg-1) 
Total Chlorophyll 

(mg·g-1) 
Chl-a 

(mg·g-1) 
Chl- b 

(mg·g-1) 
L* a* b* Hueº Chroma 

Jan 412.96 1.18 1.03 0.15 42.66 -17.31 21.20 129.22 27.38 
Feb 432.04 1.18 1.02 0.16 42.58 -17.54 20.98 129.86 27.36 
Mar 354.53 1.15 1.00 0.15 42.92 -16.72 21.45 127.93 27.23 
Apr 401.95 1.17 1.01 0.16 42.70 -17.23 22.04 128.00 28.01 
May 363.18 1.15 1.01 0.14 42.87 -16.75 22.42 126.73 28.02 
Jun 445.66 1.19 1.04 0.15 42.55 -17.59 22.09 128.52 28.27 
Jul 407.22 1.17 1.02 0.15 42.73 -17.18 21.82 128.21 27.80 
Aug 410.27 1.17 1.02 0.15 42.74 -17.21 21.95 128.07 27.91 
Sep 396.00 1.17 1.02 0.15 42.81 -17.07 21.69 128.18 27.62 
Oct 427.99 1.18 1.04 0.14 42.65 -17.41 21.49 128.98 27.68 
Nov 433.05 1.18 1.03 0.15 42.62 -17.49 21.61 129.01 27.82 
Dec 399.77 1.17 1.01 0.15 42.72 -17.16 21.97 128.00 27.90 

 
 
 
Table 3. Correlation coefficients between nitrate, chlorophyll and colour parameters in parsley leaves. 
 

 Nitrate Total Chl. Chl-a Chl-b L* a* b* Hueº 
Total Chlorophyll 0.938*** 1.000       
Chl-a 0.801*** 0.865*** 1.000      
Chl-b 0.431*** 0.446*** -0.064NS 1.000     
L* -0.899*** -0.979*** -0.869*** -0.396*** 1.000    
a* -0.945*** -0.995*** -0.864*** -0.437*** 0.981*** 1.000   
b* -0.352** -0.316** -0.296* -0.100NS 0.277* 0.320** 1.000  
Hueº 0.881*** 0.906*** 0.195*** 0.383** -0.880*** -0.911*** -0.682*** 1.000 
Chroma 0.589*** 0.654*** 0.550*** 0.320** -0.670*** -0.658*** 0.502*** 0.290** 

 

NS, Not significant; *, ** and *** significant at P<0.05, P<0.01 and P<0.001 levels, respectively. 
 
 
 
were slightly higher during the colder months (Table 2). 
The average chlorophyll concentration of the leaves 
differed slightly during the study. Highest total chlorophyll 
(1.19 mg·g-1) concentration was observed in June, 
whereas lowest total chlorophyll concentrations were 
obtained in March and May (1.15 mg·g-1). Similarly, leaf 
colour values showed that the darkest coloured leaves 
(lower lightness and higher hueº) were obtained during 
June.  

There were statistically significant correlations (p<0.01) 
between total chlorophyll, chlorophyll a concentrations, 
and lightness, a*, b* Hueº and chroma values (Table 3). 
Chlorophyll a concentration also correlated significantly 
with all the chromaticity parameters except b*. Negative 
correlations between total chlorophyll concentration and 
L*, a* and b* values indicate that leaves containing more 
total chlorophyll have lower lightness values (darker 
colour), lower a* values (greener) and lower b* values 
(bluer). Positive correlations between Hueº and chroma, 
indicate that higher total chlorophyll concentrations result 
in brighter (chroma) and darker green (Hueº) leaves. 

Nitrate concentration also correlated significantly with 

chlorophyll concentration and chromaticity values (Table 
3). There were positive correlations between nitrate 
concentration and total chlorophyll, chlorophyll a and b, 
Hueº and chroma values; and negative correlations with 
L*, a* and b* values. Highest statistical significance of 
correlation coefficients for nitrate were observed from a* 
(-0.922), total chlorophyll concentration (0.915) and L* (-
0.865). 

Regression analysis was performed on total chlorophyll 
and lightness and a* values, which were highly 
correlated. For both relationships, high determination 
coefficients (R2) were found (Figure 1a and b). The 
coefficient of determination for L* was found to be rather 
high (R2 = 0.958), and was even higher for a* (R2 = 
0.989), which showed that L* and a* values can be used 
to estimate total chlorophyll concentration. For total 
chlorophyll estimation, the following equations could be 
used;  
 
Lightness = -8.571 Total chlorophyll + 52.76; or  
 
a* = -23.48 Total chlorophyll x + 10.29 
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Figure 1. Relationship between total chlorophyll concentration (mg·g-1) and (A) L* and (B) a* values in parsley. 
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Figure 2. Relationship between nitrate concentration (mg·kg-1) and (A) L* and (B) a* values in parsley. 

 
 
 

When the regression analysis was performed for the 
relationships between nitrate and chromaticity values L* 
and a*, quite high determination coefficients were 
obtained (Figure 2a and b). However, for high nitrate 
concentrations (>800 mg·kg-1) both chromaticity values 
showed no changes, thus implicating that they would be 
inadequate  for  estimating  high   nitrate   concentrations.  
 
 
Rocket salad 
 
The changes in colour, total chlorophyll, chlorophyll a, b, 
and nitrate concentration of 72 rocket salad samples are 
given in Tables 4 and 5. Maximum nitrate concentrations 
never exceeded the limit of acceptable daily intake of 
3.7 mg nitrate per kg bodyweight (Scientific Committee 
on Food, 1995). The highest nitrate concentration was 

observed in December with 468.20 mg·kg-1, while the 
lowest concentration was observed in July with 
353.62 mg·kg-1 (Table 5). The chlorophyll concentrations 
differed slightly, and highest and lowest total chlorophyll 
and chlorophyll a concentrations were obtained in 
December and July, respectively. The differences in 
chlorophyll b concentrations were smaller, and while the 
lowest concentration was observed in July (0.13 mg·g-1), 
the highest (0.17 mg·g-1) were obtained in June, 
September, November and December. The lightness 
values, which represents the relative lightness of colours 
and range between 0 (black) and 100 (white), and a* 
which represents the greenness when negative, showed 
similar tendencies with chlorophyll concentrations. The 
highest L* and a* values, which indicates lighter green 
leaves, were observed in July, and lowest L* and a* 
values,   which   indicates   darker   green    leaves   were 



 

 
 
 
 
Table 4. Summary of salad rocket leaf sample nitrate, chlorophyll and colour values. 
 

Parameter  
Nitrate 

(mg·kg-1) 
Total Chlorophyll 

(mg·g-1) 
Chl-a 

(mg·g-1) 
Chl-b 

(mg·g-1) 
L* a* b* Hueº Chroma 

Mean 426.24 1.25 1.10 0.16 42.59 -17.45 20.63 130.18 27.05 
SD 128.84 0.07 0.06 0.03 1.29 1.44 0.87 2.62 1.14 
Min. 206.13 1.13 1.00 0.12 40.17 -19.88 19.01 124.70 24.48 
Max. 876.33 1.39 1.20 0.20 44.99 -15.00 22.00 135.15 29.27 
Number  72 72 72 72 72 72 72 72 72 

 
 
 
Table 5. Changes in salad rocket leaf sample nitrate, chlorophyll and colour values during the study (data are the mean of year 2004 and 
2005).  
 

Month  
Nitrate 

(mg·kg-1) 
Total chlorophyll 

(mg·g-1) 
Chl- a 

(mg·g-1) 
Chl-b 

(mg·g-1) 
L* a* b* Hueº Chroma 

Jan 451.16 1.27 1.11 0.16 42.39 -17.73 20.07 131.42 26.79 
Feb 473.05 1.26 1.11 0.15 42.60 -17.41 20.81 129.87 27.14 
Mar 411.36 1.24 1.10 0.14 42.82 -17.27 20.74 129.75 26.99 
Apr 447.41 1.26 1.11 0.16 42.29 -17.69 20.73 130.47 27.29 
May 387.28 1.23 1.09 0.15 42.92 -17.05 20.41 129.85 26.61 
Jun 445.48 1.26 1.09 0.17 42.37 -17.77 21.07 130.11 27.57 
Jul 353.62 1.22 1.07 0.13 43.26 -16.77 20.48 129.24 26.53 
Aug 381.13 1.23 1.09 0.15 42.97 -17.04 20.83 129.21 26.95 
Sep 409.15 1.25 1.08 0.17 42.73 -17.34 20.53 130.15 26.91 
Oct 433.29 1.26 1.11 0.15 42.47 -17.56 20.99 129.83 27.39 
Nov 453.73 1.27 1.10 0.17 42.21 -17.78 20.96 130.26 27.52 
Dec 468.20 1.29 1.12 0.17 42.00 -18.05 19.98 131.99 26.95 

 
 
 
Table 6. Correlation coefficients between nitrate, chlorophyll and colour parameters in salad rocket leaves. 
 

 Nitrate Total Chl. Chl-a Chl-b L* a* b* Hueº 

Total Chlorophyll 0,977*** 1,000       
Chl-a 0,887*** 0,891*** 1,000      
Chl-b 0,405*** 0,401*** -0,000NS 1,000     
L* -0,971*** -0,996*** -0,892*** -0,387*** 1,000    
a* -0,970*** -0,993*** -0,892*** -0,379*** 0,995*** 1,000   
b* -0,024NS -0,008NS 0,098NS -0,085NS 0,006NS 0,001NS 1,000  
Hueº 0,851*** 0,878*** 0,746*** 0,375*** -0,881*** -0,889*** -0,457*** 1,000 
Chroma 0,800*** 0,810*** 0,780*** 0,258** -0,811*** -0,811*** 0,585*** 0,453*** 

 
 
 
observed  in  December.  In  general,  in  colder  months, 
rocket salad leaves contained more chlorophyll and were 
darker green (Table 5). 

Statistically significant correlations were observed for 
most of the parameters (Table 6). Except for b* values, 
high statistical significance (P<0.001) was observed 
between nitrate and chlorophylls and chromaticity values. 
Only L* and a* values showed negative correlations with 
nitrate concentration. Total chlorophyll was also highly 
correlated (P<0.001) with all chromaticity values. L* and 
a* values had negative correlation with total chlorophyll 
and chlorophyll a, while Hueº and chroma had positive 

correlations. Similar to parsley samples regression 
analysis performed on total chlorophyll concentration and 
L* and a* values, showed that there were strong 
relationships (Figure 3a and 3b). Although determination 
coefficient for a* value was higher for parsley, 
determination coefficient of L* value was higher (0.991) in 
rocket salad, and a similar coefficient of determination 
was obtained for a* value (0.986) (Figure 3a and b). The 
following equations can be used to estimate total 
chlorophyll concentration; 
 
Lightness = -19.32 Total chlorophyll + 66.83 
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Figure 3. Relationship between total chlorophyll concentration (mg·g-1) and (A) L* and (B) a* values in rocket salad. 
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Figure 4. Relationship between nitrate concentration (mg·kg-1) and (A) L* and (B) a* values in rocket salad. 

 
 
 
a*= -21.45 Total chlorophyll + 9.449 
 
The determination coefficients of rocket salad for the 
relationships between nitrate and L* and a* values were 
higher than those of parsley, however, for nitrate 
concentrations higher than 850 mg·kg-1, the relationship 
weakened (Figure 4a and 4b).  
 
 
DISCUSSION 
 
Although there are seasonal differences, the nitrate 
concentrations of rocket salad and parsley in this study, 
were found to be lower than the limit values set by 
European Union for spinach and lettuce (European 
Commission, 2006). The seasonal differences of nitrate 

concentrations in rocket salad samples were more 
pronounced compared to parsley samples, and samples 
obtained during the winter months contained more nitrate 
with the exception of June (Table 5). Low light intensity 
and shorter days during the winter months is reported to 
increase nitrate accumulation in leaves (Umar and Iqbal, 
2007).  

In addition, there were statistically significant 
correlations between chlorophyll concentrations, nitrate 
concentrations and chromaticity values in both parsley 
and rocket salad. Different researchers also reported 
similar relationships between total nitrogen/nitrate 
concentrations, chlorophyll concentration and 
chromaticity parameters in green bean (Da Silveira et al., 
2003; Soratto et al., 2004), soy bean seeds (Sinnecker et 
al., 2002),  faba  bean  (Abdelhamid et al., 2003),  pepper  



 

 
 
 
 
leaves (Madeira et al., 2003; Madeira and Varennes, 
2005), spinach (Liu et al., 2006) and water cress (Meir et 
al., 1992). Madeira et al. (2003) reported that there were 
strong relationships between SPAD-502 chlorophyll 
meter and L*, b*, Hueº and chroma values, but the 
relationship with a* values were poor. Similarly, Leon et 
al. (2007) also found statistically significant relationships 
between L* and hueº values, however they did not 
observe a significant relationship with a* and chroma 
values, while b* values resulted in a low but significant 
coefficient of determination. More also, Sinnecker et al. 
(2002) reported that L*, a* and a*/b* values were 
significantly correlated with chlorophyll content of soy 
bean seeds dried at 25°C. It seems that L* values are 
better correlated with chlorophyll concentrations since 
there is always a significant correlation regardless of the 
species. However, other chromaticity values show 
different trends in different species. Although we found 
significant correlations with all the chromaticity values 
except b*, L* and a* values showed stronger correlations 
with total chlorophyll and nitrate concentrations. 

In conclusion, it could be said that tristimulus 
colorimeters can be used to predict the total chlorophyll 
and nitrate concentrations in parsley and rocket salad, 
and could be an alternative to time consuming and 
destructive analytical methods since they are faster and 
easier. 
 
 
REFERENCES 
 
Abdelhamid M, Horiuchi T, Oba S (2003). Evaluation of the SPAD value 

in faba bean (Vicia faba L.) leaves in relation to different fertilizer 
applications. Plant. Prod. Sci. 6: 185-189. 

Addiscott TM (2005). Nitrate, Agriculture and the Environment. 
Wallingford, Oxfordshire, UK: CABI Publishing. 

AOAC Official Methods of Analysis, 940.03: Chlorophyll in Plants. 
Arias R, Lee TC, Logendra L, Janes H (2000). Correlation of lycopene 

measured by HPLC with the L* a* b* color readings of a hydroponic 
tomato and the relationship of maturity with color and lycopene 
content. J. Agric. Food Chem. 48: 1697-1702. 

Balks R , Reekers I (1955). Bestimmung des Nitrat und 
Ammoniakstickstoffs im Boden (Determination of nitrate and 
ammonium nitrogen in soil). Landwirt. Forsch 8: 7-13. 

Burns IG, Zhang K, Turner MK, Meacham M, Al-Redhiman K, Lynn J, 
Broadley MR, Hand P, Pink D (2011). Screening for genotype and 
environment effects on nitrate accumulation in 24 species of young 
lettuce. J. Sci. Food Agric. 91: 553-562. 

Chapman SC, Barreto HJ (1997). Using a chlorophyll meter to estimate 
specific leaf nitrogen of tropical maize during vegetative growth. 
Agron. J. 89: 557-562. 

Da Silveira PM, Braz AJBP, Didonet AD (2003). Chlorophyll meter to 
evaluate the necessity of nitrogen in dry beans. [Uso do 
clorofilômetro como indicador da necessidade de adubação 
nitrogenada em cobertura no feijoeira]. Pesqu. Agropecu. Bras. 38: 
1083-1087.  

European Commission (2006). Commission Regulation (EC) No. 
1881/2006 of 19 December 2006 setting maximum levels for certain 
contaminants in foodstuffs. Offic J EC L 364: 5-24 (2006). 

Hyman JR, Gaus J, Foolad MR (2004). A rapid and accurate method for 
estimating tomato lycopene content by measuring chromaticity values 
of fruit puree. J. Amer. Soc. Hort. Sci. 129: 717-723.  

 
 

 
 
 
 
L’hirondel J, L’hirondel J-L (2002). Nitrate and man: Toxic, harmless or 

beneficial?  Wallingford, UK, CABI. 
León AP, Viña SZ, Frezza D, Chaves A and Chiesa A (2007). 

Estimation of Chlorophyll Contents by Correlations between SPAD-
502 Meter and Chroma Meter in Butterhead Lettuce. Comm. Soil Sci. 
Plant  Anal. 38: 2877-2885 

Liu YJ, Tong YP, Zhu YG, Ding H, Smith FA (2006). Leaf chlorophyll 
readings as an indicator for spinach yield and nutritional quality with 
different nitrogen fertilizer applications. J. Plant Nutr. 29: 1207-1217. 

Madeira AC, de Varennes A (2005). Use of Chlorophyll Meter to Assess 
the Effect of Nitrogen on Sweet Pepper Development and Growth. . 
J. Plant Nutr. 28: 1133-1144. 

Madeira AC, Ferreira A, Verennes A, Vieira MI (2003). SPAD meter 
versus tristimulus colorimeter to estimate chlorophyll content and leaf 
color in sweet pepper. Comm. Soil. Sci. Plant. Anal. 34: 2461-2470. 

Maynard DN, Baker AV, Minotti PL, Peck NH (1976). Nitrate 
Accumulation in Vegetables. Adv. Agron. 28: 71-118. 

Meir S, Philosoph-Hadas S, Gloter P, Aaharoni N (1992). 
Nondestructive assessment of chlorophyll content in watercress 
leaves by a tristimulus reflectance colorimeter. Postharvest Biol. Tec. 
2: 117-124. 

Melendez-Martinez AJ, Vicario IM, Heredia FJ (2003). Application of 
tristimulus colorimetry to estimate the carotenoids in ultrafrozen 
orange juices. J. Agric. Food Chem. 51: 7266-7270. 

Powlson DS, Addiscott TM, Benjamin N, Cassman KG, De Kok TM, 
Van Grinsven H,  L'Hirondel JL, Avery AA, Van Kessel C (2008). 
When does nitrate become a risk for humans? J. Environ. Qual. 37: 
291-295. 

Ruiz D, Egea J, Tomas-Barberan FA, Gil MI (2005). Carotenoids from 
new apricot (Prunus armeniaca L.) varieties and their relationship 
with flesh and skin color. J. Agric. Food Chem. 53: 6368-6374. 

Sandoval-Villa M, Guertal EA, Wood CW (2000). Tomato leaf 
chlorophyll meter readings as affected by variety, nitrogen form and 
nighttime nutrient solution strength. J. Plant Nutr. 23(5): 649-661. 

Sandoval-Villa M, Wood CW, Guertal EA (1999). Ammonium 
concentration in solution affects chlorophyll meter readings in tomato 
leaves. J Plant Nutr. 22(11): 1717-1729. 

Santamaria P (2006). Nitrate in Vegetables, Toxicity, Content, Intake 
and EC Regulation, J. Sci. Food Agric. 86: 10-17. 

Schmitzer V, Osterc G, Veberic R, Stampar F (2009). Correlation 
between chromaticity values and major anthocyanins in seven Acer 
palmatum Thunb. cultivars. Sci. Hort. 119: 442-446. 

Scientific Committee on Food (1995). Opinion on nitrate and nitrite, 
Annex 4 to Document III/5611/95, European Commission (ed.), 
Brussels, p. 20. 

Sinnecker P, Gomes MSO, Areas JAG, Lanfer-Marquez UM (2002). 
Relationship between color (instrumental and visual) and chlorophyll 
contents in soybean seeds during ripening. J Agric. Food Chem. 50: 
3961-3966. 

Soratto RP, De Carvalho MAC, Arf O (2004). Chlorophyll content and 
grain yield of common bean as affected by nitrogen fertilization. [Teor 
de clorofila e produtividade do feijoeiro em razão da adubação 
nitrogenada]. Pesqu. Agropecu. Bras. 39: 895-901. 

Umar AS, Iqbal M (2007). Nitrate accumulation in plants, factors 
affecting the process, and human health implications. A review. 
Agron. Sust. Devel. 27: 45-57.  

Wood CW, Reeves DW, Edmisten KL (1992). Field chlorophyll 
measurements for evaluation of corn nitrogen status. J. Plant Nutr. 
15: 487-500. 

Žnidarčič D, Ban D, Oplanić M, Karić L, Požrl T (2010). Influence of 
postharvest temperatures on physicochemical quality of tomatoes 
(Lycopersicon esculentum Mill.). J. Food Agr. Environ. 8(1): 21-25 

Žnidarčič D, Ban D, Šircelj H (2011). Carotenoid and chlorophyll 
composition of commonly consumed leafy vegetables in 
Mediterranean countries. Food Chem. 129: 1164-1168. 

 
 
 
 
 
 


