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ABSTRACT 
The effect of common salt (0, 1, and 2% by weight) on visual green colour degradation of fluted pumpkin (Telfairia occidentalis) puree 
over a temperature range of 50–100° C was studied. Hunter colour scale values L (lightness), a (greenness or redness) and b (blueness or 
yellowness) of each treated samples were measured. The visual colour was evaluated using a Hunter lab colorimeter in terms of L, a and b. 
The results were analysed using Oakdale Engineering Datafit 8.2. The degradation of visual green colour of fluted pumpkin increased 
with an increase in heat treatment time and salt concentration. The degradation as measured by -a value followed a first order kinetics. 
There was consistent decrease in L and -a values with an increase in treatment time and temperature. During heat processing, the puree 
turned olive green and the a value changed from an initial value of -11.32 to -10.40, -10.73 and -10.87 at 50°C for the 0, 1 and 2% level of 
salt addition, respectively. The corresponding values at 100°C were -3.11, -3.65 and -3.72, respectively. There is stabilization of green 
colour in thermally processed fluted pumpkin puree containing salt which decreases the rate of chlorophyll degradation. The stabilizing 
effect of salt is not well established and no information is available on fluted pumpkin leaves, especially in term of visual colour. The 
paper established the stabilizing effect of salt on fluted pumpkin leaves and modelled the degradation kinetics with Arrhenius equation. 
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INTRODUCTION 
 
Green leafy vegetables are low in energy value due to high 
water content. Their chief nutritive significance is their 
richness in mineral and vitamins. Leafy vegetables con-
tribute substantially to protein, mineral, vitamins, fibre and 
other nutrients which are usually in short supply in daily 
diets (Mosha and Gaga 1999). Fluted pumpkin (Telfairia 
occidentalis) is a green leafy vegetable. The leaf is cherished 
for young tender shoot and leaves. These leaves are cut at 
interval or when needed and eaten as pot-herbs or soup. 
Recently, the Yoruba of south-western Nigeria cultivate 
habit of preparing juice from the tender shoots of the fluted 
pumpkin and drink for its richness in vitamins and minerals, 
the seeds are boiled and eaten as nuts or ground for use in 
soups as thickener. 

Heat treatment is one of the most widely used methods 
of preserving and extending the useful shelf life of foods. 
During thermal processing and storage, colour changes 
from bright green to olive green due to the conversion of 
chlorophyll (Chl) to pheophytin and pyropheophytin. Fac-
tors such as pH, temperature, presence of salts, enzymes 
and surface-active ions influence the stability of Chl (Choi 
et al. 2002; Nisha et al. 2004; Chutintrasri and Noomhorm 
2007). However, the stabilizing effect of the common salt is 
not well established and no information is available on its 
effect on fluted pumpkin leaves, especially in term of visual 
colour. 

Thermal degradation of food colours has been studied 
for red cabbage (Dyrby et al. 2001), raspberry (Ochoa et al. 
1999) and pomegranate (Martí et al.  2001). Other quality 
degradation reactions in vegetables during processing and 
storage are non-enzymatic browning and ascorbic acid loss 
(Ahmed et al. 2002a; Burdurlu and Karadeniz 2003). The 
need therefore arose to reduce quality degradation in fluted 
pumpkin by addition of ‘natural’ pre-treatments. Degrada-

tion kinetic parameters like reaction order, rate constant and 
activation energy provide useful information on the quality 
changes that occur during thermal processing and storage. 

Earlier research relied on the use of spectrophotometric 
and colorimetric techniques. It is however believed now 
that colour vision is a complex phenomenon and its mea-
surement is more complex than the absorption by the 
stimuli at specific wavelengths (Govindarajan et al. 1998). 
The colour observed by human beings is the perception of 
the wavelengths coming from the surface of the object on 
the retina of the eyes (Tijskens et al. 2001); when light 
strikes an object, it is reflected, absorbed or transmitted, but 
it is the reflected light which determines the colour of a 
material. Therefore, the appearance can change depending 
on the amount of light, the light source, the observer’s angle 
of view, size and background differences (Giese 2000). 
Thus the use of colour perception in sensory methodology 
is often lacking in specificity, sensitivity and reproducibility. 
Also sensory panels may not be available for routine large 
scale post harvest and processing quality. Instrumental 
methods that adequately correlate with sensory methods 
would help solve these problems. Tristimulus colorimeters 
have been widely accepted as a rapid and simple instrumen-
tal method for measuring visual perception of food products 
(Ozkan et al. 2002). The colour of any food product can be 
represented in terms of L, a and b values or a combination 
of these three depending upon the nature of the pigment 
present. 

Therefore, the objective of this study was to determine 
the kinetics of thermal degradation of visual green colour of 
fluted pumpkin puree, over a range of thermal processing 
temperatures of 50–100°C. 
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MATERIALS AND METHODS 
 
Fluted pumpkin leaves used for this study were harvested from 
teaching and research farm in University of Ibadan, Nigeria. The 
method of Nisha et al. (2003) was used for puree preparation. The 
leaves were sorted and rinsed with tap water. The cleaned leaves 
were trimmed and pureed with water in the ratio of 1:1 using 
warring blender. The puree was portioned and common salt (NaCl) 
was added to get puree containing 1 and 2% by weight of sodium 
chloride. The heat treatments were carried out at different tem-
peratures (50, 60, 70, 80, 90 and 100°C) for 0-30 min using the 
method of Wang and Xu (2007). The temperatures were measured 
with ± 0.1°C accuracy and come-up time was less than 1 minute. 
Fifty grams each of the pureed fluted pumpkin sample with 0, 1 
and 2% salts by weight were taken in a 100 ml beaker and heated 
at pre-determined temperature/time with frequent stirring. The 
visual colour was evaluated using a Hunter lab colorimeter model 
DP-9000 D25A in term of L (lightness), a (redness and greenness) 
and b (yellowness and blueness). The results were analysed using 
Oakdale Engineering Datafit 8.2. 

 
Kinetic data analysis 
 
Previous studies showed that thermal degradation of quality 
attributes in juice followed a first-order reaction (Choi et al. 2002; 
Ahmed et al. 2002a; Garzón and Wrolstad 2002). This kinetic type 
was expressed by the following equations: 

     
                                  (1) 

 
where Co measured initial Hunter colour value (L, a and b) at time 
zero; C is the measured Hunter colour value (L, a and b) or 
combination of these at time t; t resident heating time (s); k is the 
reaction rate constant. The plot of ln [C/Co] against time (t) would 
be a straight line and the slope would be equal to k at a constant 
temperature. Arrhenius model dependence on temperature of qua-
lity degradation can be expressed as: 

    
                      (2) 

 
where k is the rate constant at temperature Tabs (Kelvin), ko is the 
pre-exponential factor, Ea is the activation energy (kJ/mol) and R 
is the universal gas constant (8.314 J/mol K). Therefore, if the 
temperature dependence follows Arrhenius’ relationship, the plot 
of ln k vs. 1/T would be a straight line and the slope equal to -Ea/R. 
Hence, activation energy can be evaluated from the expression 
slope = -Ea/R. 

Since the major colour of green leafy vegetables puree is 
green, Hunter -a values was considered as the visual parameter to 
describe the green colour degradation during thermal processing. 
Therefore equation (1) can be written as: 

      
(3) 

 
where -a, Hunter -a value at time t; -ao, Hunter -ao, value at time 
zero; k, rate constant of green colour degradation (s-1). 
 
RESULTS AND DISCUSSION 
 
Effect of salt and temperature on visual green 
colour of fluted pumpkin puree 
 
Tables 1-3 showed the effect of processing temperature and 
presence of salt on the Hunter a values of fluted pumpkin 
puree. The initial tristimulus L, a and b values for fluted 
pumpkin puree were 19.28, -11.32 and 21.83, respectively. 
There is a consistent decrease in ‘a’ values with increase in 
processing temperature and time. L values showed a similar 
trend, but the decrease in b values is insignificant. The 
change in L and b values may be due to time and pheo-
phytin-pyripheophytin conversion or due to degradation/ 
reaction of other components present in the fluted pumpkin 
puree (Weemaes et al. 1999). Further increase in processing 
temperature led to changes in colour of the fluted pumpkin 
puree from green to olive green. This is corresponding to a 

decrease in the L-value of the colour scale. This is due to 
degradation of thermal-labile pigments resulting in the 
formation of dark compounds that reduced luminosity. This 
is in agreement with previous studies by (Ávila and Silva 
1999; Chuttintrasri and Noomhorm 2007; Kirca et al. 2007) 
in peach and pineapple puree; and black carrot anthocya-
nins respectively. 

The puree also loses its greenness, since the greenness 
is indicated by -a, the study was carried out only with res-
pect to a values. During the heat processing at 50°C the 
puree turned olive green and the a value for fluted pumpkin 
puree changed from an initial value of -11.32 to -10.40,    
-10.73 and -10.87 in sample with 0, 1 and 2% (w/w) salt ad-
dition, respectively after 30 min of heat treatment. The cor-
responding values after 30 min at 100°C were -3.11, -3.65 
and -3.72, respectively. Tables 1-3 show the effect of treat-
ment concentration on the colour stability of the fluted 
pumpkin puree, samples treated with 1 and 2% has higher  
-a values. This suggests that salt concentration in puree 
enhanced stability of colour in the puree. This effect is also 
visible from the lower rate constant values in puree samples 
containing 1 and 2% salt as shown in Table 4. Chl is repor-
ted to be stable at alkaline conditions. The pH of the puree 
containing 0, 1 and 2% salt (NaCl) was 6.09, 6.15 and 6.24, 
respectively. Thus, the addition of salt increases the alka-
linity of the fluted pumpkin puree slightly, which eventually 
decrease the rate of degradation of Chl, which is in agree-
ment with the work of Nisha et al. (2004). 
 
Degradation kinetics of visual colour of fluted 
pumpkin puree 
 
Using linear regression, the degradation data were analyzed 
using Eq. (3) to determine the overall order and rate cons-
tant (k) for the degradation reaction. Accordingly, ln [-a/-ao] 
was plotted against time, from which rate constant, k was 
determined. Datafit 8.2 version was used to fit the statistical 
data. For a reaction following first order kinetics model, the 
plot of ln [-a/-ao] versus time would be a straight line and 
the slope would be equal to k at a constant temperature. A 
correlation coefficient > 0.9 in all cases confirmed that the 
degradation of visual green colour in fluted pumpkin puree 
indeed follows a first order reaction at all temperatures. 
Table 4 shows the rate constant for the visual green colour 
degradation of fluted pumpkin puree 0, 1 and 2% salt by 
weight. Samples containing 2% salt gave the lowest rate 
constants followed by the samples treated with 1% salt and 
then 0% salt, thus it is evident that green colour or Chl is 
more stable in green vegetables at 2% salt addition level. 
This is in agreement with previous studies reported by Nisha 
et al. (2004) who studied the effect of salt in the degrada-
tion kinetics of visual green colour in spinach (Spinacea 
oleracea L.). The study revealed that salt concentration had 
greater effect on colour preservation. 

The activation energy for green colour in fluted pump-
kin puree with 0, 1 and 2% of salt was calculated to be 
68.31 (R2 = 0.925), 81.75 (R2

 = 0.938) and 81.93 (R2 = 
0.912) kJmol-1, respectively (Fig. 1). Previous studies have 
reported wide variation in the activation energies for colour 
degradation of green vegetable purees. Activation energies 
of 28.55, 41.15 and 34.01 kJmol-1 for spinach puree, mus-
tard leaves and a mixed puree, respectively were reported 
by Ahmed et al. (2002a). Activation energies for colour 
degradation in green chilli puree (Ahmed et al. 2000) and 
that for heated broccoli juice (Weemas et al., 1999) were 
reported to be 11.34 – 15.98 and 72.01 kJmol-1, respectively. 
This variation may be attributed to the differences in the 
raw material and the temperature ranges used in these stu-
dies. 

Temperature dependence of colour degradation was stu-
died for fluted pumpkin puree and Arrhenius plots (Fig. 2); 
this was used to calculate the activation energy for green 
colour degradation in fluted pumpkin puree with 0, 1 and 
2% of salt. 

Calculated activation energies are 68.31 (R2 = 0.925), 
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81.75 (R2
 = 0.938) and 81.93 (R2 = 0.912) kJmol-1 for fluted 

pumpkin puree with 0, 1 and 2% of salt. Higher activation 
energy implies that the rate of colour degradation is less at 
higher pH. This inferred that rate of colour degradation is 
lower at higher salt concentration. This is in line with gene-
rally perceived notion that the higher the alkalinity the more 
is the colour stability. These observations are in agreement 
with the results reported by Ahmed et al. (2002b) and Nisha 
et al. (2003). 
 
CONCLUDING REMARKS 
 
The effect of Sodium chloride on the degradation of visual 
green colour ‘a’ of fluted pumpkin (Telfairia occidentalis) 
puree was studied over a processing temperature range. The 
puree lost its colour as the processing temperature and time 
increased. Studying the degradation kinetic, a first order 
kinetic was established. The activation energy of the puree 
increased with increase in treatment concentration. High 
activation energy in puree treated with 2% NaCl indicates 
higher stability of Chl even at higher processing tempera-
ture. 
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Table 4 Rate constant and correlation coefficient (R2) for colour degradation of fluted pumpkin puree. 

NaCl 
0%  1%  2%  

Temperature (oC) 

k (s-1) R2 k (s-1) R2 k (s-1) R2 
50 
60 
70 
80 
90 
100 

2.0E-03±0.177 
2.0E-03±0.012 
4.0E-03±0.187 
1.8E-03 ±0.018 
2.6E-03±0.926 
3.8E-03±0.133 

0.989 
0.993 
0.990 
0.913 
0.978 
0.995 

1.0E-03±0.0019 
1.0E-03±0.0014 
3.0E-03±0.0027 
1.4E-03±0.0187 
2.3E-03±0.0133 
3.4-03±0.01205 

0.990 
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1.0E-03 ±0.187 
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1.3E-03±0.0073 
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3.3E-03±0.0012 
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0.985 
0.991 
0.912 
0.991 
0.971 
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Fig. 1 Plot of ln [-a/-ao] against time (min) at 50°C for fluted pumpkin puree. 
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Fig. 2 Arrhenius plot for colour degradation (-a) in fluted pumpkin puree. 
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