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Introduction

One of the recent worldwide 
developments in the canned 
tuna market has been the in-
troduction of a wide range of 
tuna salads, tuna in sauces 
and tuna paste. Color is one of 
the most important quality at-
tributes of tuna from the con-
sumer point of view. Previous 
studies in traditional canned 
tuna (Banga, et al., 1993) have 
shown that product color does 
not appear to be largely af-
fected by thermal processing 
over a wide temperature range. 

Keywords / Color Kinetics / 5-HMF / Lightness / Tuna-Vegetable Mixture /
Received: 02/07/2009. Modified: 11/12/2009. Accepted: 11/13/2009.

erika scherer. B.Sc. in Chemis-
try and M.Sc. in Food Science, 
Universidad Simón Bolívar 
(USB), Venezuela. 

Aleida J. sandoval. Agroindus-
trial Engineer, Universidad de 
los Llanos “Ezequiel Zamo-

ra” (UNELLEZ), Venezuela. 
M.Sc. in Food Science, USB, 
Venezuela. Ph.D. in Food Sci-
ence and Technology, Univer-
sity of Reading, UK. Profes-
sor, USB, Venezuela. Address: 
Dept. Tecnología de Procesos 

0378-1844/09/12/888-05 $ 3.00/0

In the case of vegetables, many 
natural pigments such as chlo-
rophyll and carotenoids are 
easily degraded by heat; also, 
browning reactions such as the 
Maillard reaction and oxidation 
of ascorbic acid can take place 
(Barreiro et al., 1997). Haard 
(1992) pointed out that heat 
induced browning develop-
ment is a complex process that 
can involve, besides the Mail-
lard reaction between reduc-
ing sugars and fish proteins, 
other reactions such as protein-
lipid interaction and degra-
dation of fish haemoglobins 

and carotenoids. The design of 
thermal processes for mixed 
tuna-vegetable canned prod-
ucts should take into account 
the possible loss of quality by 
color reactions resulting from 
interactions between the basic 
ingredients as well as others 
commonly found in this type 
of product, such as sugar, salt, 
vinegar, oil and seasonings.

Banga et al. (1993) studied 
the kinetics of thermal induced 
surface color in canned tuna, 
using small cans (3.26cm radius 
and 3.0cm height) and heat-
ing temperatures from 110.6 to 
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139.2°C. These authors found 
that color changes during ther-
mal processing were small and 
lightness (Hunter-Lab “L”) was 
the color parameter that better 
modeled subjective color evalu-
ation of this product, reporting 
a first order kinetics. Kong et 
al. (2007) determined the kinet-
ics of salmon quality changes 
during thermal processing, in-
cluding CIE L* value, using a 
small test cell (35mm diam by 
6mm height) in a range of 100-
131.1°C and processing time of 
90-180min, finding a zero order 
kinetics for L*.

KINeTICs oF HeAT-INdUCed CoLor CHANGe oF 

A TUNA-VeGeTABLe MIXTUre 
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SUMMARY

Heat induced color change kinetics in a tuna-vegetable mix-
ture was evaluated by measuring color parameter “L” (Hunt-
er-Lab) and 5-hydroxi-methyl-furfural (5-HMF) accumulation. 
For this purpose small reusable stainless steel TDT cans were 
used and the kinetic studies performed in a temperature range 
characteristic of thermal processing of low acid canned foods 
(110-125°C). The color parameter L was better described by 
a pseudo zero order while a pseudo first order reaction was 

found for 5-HMF accumulation, indicating the progression of 
the Maillard reaction during heating. In both cases, temperature 
dependence of the rate constants followed the Arrhenius rela-
tionship, with Ea= 92.0 and 38.9kJ·mol-1 for lightness L and for 
5-HMF accumulation, respectively. The color parameter L was 
more sensitive to temperature changes than 5-HMF accumula-
tion, and therefore is suggested for evaluation of heat induced 
color changes in this product.

CINÉTICA deL CAMBIo de CoLor INdUCIdo Por eL CALor eN UNA MeZCLA de ATÚN CoN VeGeTALes
Erika Scherer, Aleida J. Sandoval y José A. Barreiro

RESUMEN

Se evaluó la cinética del cambio de color inducido por el calor en 
una mezcla de atún con vegetales mediante la medición del parámet-
ro de color “L” (Hunter-Lab) y la acumulación de 5-hidroxi-metil-
furfural (5-HMF). Los estudios cinéticos se llevaron a cabo en un 
rango de temperatura característico del procesamiento térmico de 
alimentos de baja acidez (110-125°C), empleando envases TDT re-
utilizables. El parámetro de color L tuvo un mejor ajuste a una ciné-
tica de pseudo orden cero, mientras que la acumulación de 5-HMF 
se ajustó a una cinética de pseudo orden uno, indicando el desar-

rollo de la reacción de Maillard durante el calentamiento. En ambos 
casos, la dependencia de la constante de la velocidad de reacción 
con la temperatura se ajustó a la ecuación de Arrhenius con Ea= 
92,0 y 38,9kJ·mol-1 para la luminosidad L y para la acumulación de 
5-HMF, respectivamente. El parámetro de color L fue más sensible 
a los cambios de temperatura que la acumulación de 5-HMF y por 
consiguiente se sugiere para la evaluación de los cambios de color 
inducidos por el calor en este producto.
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Banga et al. (1992) found 
that the lysine content of tuna 
meat was not significantly 
affected during thermal pro-
cessing, which evidenced that 
the Maillard reaction did not 
contribute to thermal induced 
browning. This could be ex-
pected since the amount of 
reducing sugars in fishery 
products is negligible (Hurrel 
and Carpenter, 1977) and they 
are needed for the Maillard 
reaction to take place. On the 
other hand, the vegetable mix-
ture usually found in specialty 
tuna products includes ingredi-
ents that provide a significant 
amount of reducing sugars. 
Consequently, a Maillard reac-
tion between reducing sugars 
present in the vegetable mix-
ture and tuna protein amino-
acids is to be expected during 
thermal processing. Addition-
ally, pH and aw values of tuna-
vegetable mixtures categorize 
the products as low-acid food 
requiring high temperature 
processing, which in turn en-
hances chemical reactions such 
as non-enzymatic browning.

The compound 5-hydroxi-
methyl-furfural (5-HMF) is 
an indicator frequently used 
to study the development of 
the Maillard reaction in foods, 
including canned products 
and other thermally processed 
foods (Poretta, 1992). 5-HMF 
is an intermediate reaction 
product in the formation of 
brown pigments or melanoi-
dins (Eskin, 1990).

Browning during thermal 
processing of canned tuna-
vegetable mixture has been re-
ported as a significant problem 

by the industry. The knowledge 
of the kinetics of heat induced 
color changes in this product is 
important to optimize quality 
during commercial steriliza-
tion. No research work for this 
particular product was found 
in the literature, being the 
works of Banga et al. (1993) 
in tuna and Kong et al. (2007) 
in salmon the only research 
found for fishery products in 
the reviewed literature. Conse-
quently, the aim of this study 
was to study color degradation 
kinetics using the parameters 
“L” (Hunter-Lab) and the ac-
cumulation of 5-HMF during 
heating of a tuna-vegetable 
mixture at temperatures repre-
sentative of commercial ther-
mal processing.

Materials and Methods

Sample description and 
preparation

The commercial mixture 
of tuna and vegetables used 
in this study was obtained 
from a local plant located near 
Cumaná, Venezuela. The mix-
ture consisted on 70% (w/w) 
precooked yellowfin tuna 
(Thunnus albacares) and 30% 
(w/w) of a mixture of blanched 
frozen peas and carrots cut in 
cubes, seasoned with spices, 
sugar, and salt dissolved in wa-
ter, vegetable oil and sugarcane 
vinegar (ratio filling liquid/
tuna-vegetable mixture=0.12). 
This commercial mixture is 
usually canned and sterilized. 
However, in this study the raw 
product without thermal treat-
ment was used.

About 2kg of sample 
(drained weight equal to 
88g/100g) were ground and 
homogenized in a high speed 
blender (Ultra-turrax). The 
puree was strained using a 
kitchen colander. The prepared 
samples were kept frozen 
(-18°C) in glass jars, protected 
from light with aluminum foil, 
and properly closed until used 
for the experiments.

Physical and chemical 
characteristics of 
the tuna-vegetable mixture

The following analyses were 
carried out to characterize the 
tuna-vegetable mixture used in 
this study: Proximate analyses 
were done using the following 
procedures according to AOAC 
(1990). Moisture: vacuum oven 
method (<25mm Hg) at 70°C 
until constant weight (procedure 
934.01); protein: total N2 was 
determined by the Kjeldahl 
method for seafood (procedure 
940.25); crude fat: by solvent 
extraction in a Soxhlet appa-
ratus (procedures 954.02 and 
963.15); ash: using a muffle 
furnace at 525°C for 12h (pro-
cedure 938.08); carbohydrates 
by difference. The mixture pH 
was determined by procedure 
981.12 (AOAC, 1990) for acidi-
fied foods using a pH meter 
(Radiometer, PHM23). Water 
activity (aw) was measured us-
ing psychrometric equipment 
(Decagon CX-2).

Lightness determination

After carefully mixing 
and thermally processing the 

samples, lightness (color pa-
rameter L) was determined 
using a tristimulus colorim-
eter Gardner XL-23 (Gardner 
Instruments, Bethesda, MD, 
USA). The equipment was 
calibrated against a standard 
tile N° XL-23-137-C with the 
following color parameters: 
Y= 61.28; X= 59.65; Z= 43.12. 
A cylindrical glass cell (55mm 
diam) was used for the sam-
ple. Lightness measurements 
were done by triplicate.

Determination of 
5-hydroxi-methyl-furfural

The formation of 5-HMF as 
an indication of the Maillard 
reaction was measured at each 
tested condition by duplicate 
according to the procedure de-
scribed by Bravo et al. (2002). 
For each thermal treatment a 
small sample portion (2ml) 
was drawn and centrifuged at 
16000g for 10min in a micro-
centrifuge (Eppendorf 5415). 
The aqueous supernatant was 
filtered through 0.45μm PVDF 
(polyvinyidene fluoride; Mil-
lipore). A volume of 50μl of 
each sample was injected in 
a HPLC apparatus (Waters 
LC module I), operating with 
a column Aminex HPX-87H, 
300×7.8mm (BioRad) at 55°C; 
mobile phase of H2SO4 0.01N; 
flow rate of 0.8ml·min-1; and a 
283nm UV detector.

The 5-HMF concentration 
was calculated in each case 
from the area of the chrom a-
tographic peak (retention time: 
23.7min), using a previously 
obtained calibration curve pre-
pared using aqueous solutions 

CINÉTICA dA MUdANÇA de Cor INdUZIdo PeLo CALor eM UMA MIsTUrA de ATUM CoM VeGeTAIs
Erika Scherer, Aleida J. Sandoval e José A. Barreiro

RESUMO

Foi avaliada a cinética da mudança de cor induzido pelo 
calor em uma mistura de atum com vegetais mediante a me-
dição do parâmetro de cor “L” (Hunter-Lab) e a acumulação 
de 5-hidroxi-metil-furfural (5-HMF). Os estudos cinéticos foram 
levados a efeito em uma faixa de temperatura característica 
do processamento térmico de alimentos de baixa acidez (110-
125°C), empregando envases TDT reutilizáveis. O parâmetro de 
cor L teve um melhor ajuste a uma cinética de pseudo ordem 
zero, enquanto que a acumulação de 5-HMF foi ajustada a uma 

cinética de pseudo ordem um, indicando o desenvolvimento da 
reação de Maillard durante o aquecimento. Em ambos os ca-
sos, a dependência da constante de velocidade de reação com a 
temperatura foi ajustada à equação de Arrhenius com Ea= 92,0 
y 38,9kJ·mol-1 para a luminosidade L e para a acumulação de 
5-HMF, respectivamente. O parâmetro de cor L foi mais sensí-
vel às mudanças de temperatura que a acumulação de 5-HMF 
e, por tanto, é sugerido para a avaliação das mudanças de cor 
induzidas pelo calor em este produto.
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of 5-HMF (analytical grade, 
Sigma-Aldrich) of known con-
centrations.

Kinetic studies for browning 
during heating

To study browning devel-
oped in the samples taking 
place during heating, a modi-
fied thermal death time (TDT) 
method similar to that de-
scribed by Stumbo (1973) was 
followed. For this purpose, 
stainless steal reusable TDT 
cans (74 and 69.4mm of ex-
ternal and internal diameter, 
and inner height of 17.1mm) 
were specially designed and 
built for this work. TDT cans 
were provided with screw caps 
and O-rings to assure her-
metic closure and were filled 
with 20.0 ±0.5g of sample, 
avoiding the incorporation of 
air bubbles, in order to have 
enough quantity to allow the 
measurement of the color pa-
rameters in the colorimeter 
as indicated previously. The 
TDT cans were provided with 
a packing gland on 
top to fit a thermo-
couple. Two TDT 
cans were used 
for each time-tem-
perature treatment 
tested. A thermo-
static oil bath (2L, 
Technicon) provided 
with a digital tem-
perature control 
(±0.5°C, Tecnologic, 
Italy) was used for 
the kinetic studies.

Kinetics of 
browning in the tuna and 
vegetable mixture was de-
termined at four process-
ing temperatures (110, 115, 
120 and 125°C) and heating 
times from 5 to 60min. All 
time-temperature combina-
tions were tested in duplicate. 
After the heat treatment was 
applied the TDT cans were 
removed and quickly cooled 
to -30°C in order to stop the 
heat treatment.

Once the samples were 
heated and cooled at the es-
tablished time and tempera-
ture, measurement of lightness 
(L) and 5-HMF concentration 
were determined as indicated 
previously. The apparent or-

der of reaction for these 
indicators was obtained 
by the adjustment of the 
experimental data to the 
integrated kinetic equa-
tions for orders 0 and 1, 
using regression analysis. 
In each case the best fit 
was selected using as cri-
terion the linear correla-
tion coefficient (R2) and 
the rate constant (k) at 
each temperature deter-
mined from the slope of 
the straight line. The ef-
fect of temperature on the 
rate constant was calcu-
lated from the linear form 
of the Arrhenius equation

1n k= 1n ko-Ea/R T    (1)

where ko: pre-exponential fac-
tor (min-1), Ea: activation ener-
gy (kJ·mol-1), R: universal gas 
constant (kJ·mol-1·K-1), and T: 
absolute temperature (°K). 
The value Ea was calculated 
from the slope, and ko from 
the intercept of the straight 
line given by Eq. 1, using a 

linear regression program. 
All the statistical analyses 
were performed by means of 
the Excel ver. 2003 package 
(Microsoft).

results and discussion

Physical and chemical char-
acteristics

The results obtained for 
the proximate analysis of the 
tuna-vegetable mixture used in 
this work were (g/100g ±SD) 
moisture= 68.0 ±1.0, protein= 
14.8 ±0.6, fat= 11.9 ±0.3, ash= 
1.72 ±0.07, and carbohydrates 
=3.6. Other physical-chemical 
characteristics of the mixture 

were (±SD): pH= 5.3 ±0.1, 
and aw(23±0.6°C)= 0.983 ±0.002.

Kinetics of browning during 
heating 

The change in color during 
thermal processing of foods 
is postulated to take place by 
various mechanisms, including 
the degradation of pigments, 
oxidation of ascorbic acid, and 
the Maillard reaction (Serkat 

by measuring lightness 
variation and 5-HMF ac-
cumulation.

Color parameter L

Results obta ined 
for l ightness or color 
parameter L a re pre-
sented in Figure 1. As 
observed in this figure, 
the L value diminished 
with t ime, indicat ing 
the progress of heat-in-
duced browning in the 
mixture dur ing heat-
ing. A sl ightly bet ter 
adjustment for the L 

parameter was obtained for 
a pseudo-zero order kinetics, 
although a good adjustment 
for an apparent first order 
reaction was also obtained. 
Results obtained for both or-
ders of reaction are presented 
in Table I. In all cases, highly 
significant linear regressions 
(p<0.001) were obtained, with 
high coefficients of determina-
tion. For the purpose of this 
research work a pseudo-zero 

order kinetics was 
selected.

An apparent zero 
order reaction for 
heat-induced chang-
es of the color pa-
rameter L has been 
determined by vari-
ous authors such as 
Kanterewicz and 
Chir ife (1986) in 
cheese whey, using 
L* and other color 
parameters, Bates 
et al. (1998) in a 

starch-glucose-lysine system, 
Tosun (2004) in a Turkish 
food (zile pekmezi) at 55-
75°C for nine days, Kumar 
et al. (2006) for the lightness 
value (L*) during deep-fry-
ing of Gulabjamun balls, and 
Kong et al. (2007) for L* val-
ues in salmon muscle during 
thermal processing at high 
temperature (100-131.1°C). 
On the other hand, apparent 
first order kinetics has been 
reported in the literature by 
other authors, like Banga et 
al. (1993) in canned tuna for 
L, Shin and Bhowmik (1995) 
in pea puree during heat-
ing and using Hunter Lab 
values, Kwok et al. (1999) 

Figure 1. Kinetics of thermal induced browning in 
tuna-vegetable mixture measured by lightness evolu-
tion (L), in a temperature range of 110-125°C.

TABLE I
REGRESSION PARAMETERS FOR PSEUDO ZERO AND FIRST 
ORDER REACTIONS FOR LIGHTNESS COLOR PARAMETER 

IN A TUNA-VEGETABLE MIXTURE DURING HEATING

Zero order First order

Parameter Temperature (°C) Temperature (°C)
110 115 120 125 110 115 120 125

ko or ln(ko)* 50.7 50.9 50.5 50.3 3.927 3.926 3.929 3.947
-k (min-1) 0.145 0.187 0.279 0.426 0.003 0.004 0.007 0.012
R2 0.983 0.983 0.997 0.997 0.972 0.985 0.997 0.997

* ko for zero order kinetics and ln(ko) for first order kinetics.

and Luh, 1976; Okitani et al., 
1983; Petropakis and Mont-
gomery, 1984). These reactions 
can take place simultaneously 
but at a different reaction rate, 
depending on the color fac-
tor and the mechanism in-
volved. Therefore, the color 
reaction measured shows an 
apparent order that accounts 
for the global result of heat-
induced color change. Since 
there is probably more than 
one compound or color factor 
involved, the reaction does not 
necessarily take place through 
a single mechanism. Tempera-
ture induced browning during 
thermal treatment in a range 
of 110-125°C was assessed 
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for L* in soymilk in a 
temperature range from 
80-140°C, and Demir 
et al. (2001) in hazel-
nuts dur ing roasting 
(120-180°C) for color 
parameter L.

The value of the rate 
constant (-k) increases 
with a rise in tempera-
ture. The dependency 
of k on temperature for 
the pseudo-zero order 
reaction was determined 
using the linearized Ar-
rhenius Eq. 1, as shown 
in Figure 2. A value of 
Ea= 92.0kJ·mol-1, and 
lnko= 26.9min-1 were 
obtained. The linear 
regression analysis 
showed a significant 
(p<0.01) value with a 
determination coeffi-
cient R2= 0.987. A sim-
ilar value (87.99kJ·mol-1 
was reported for L* in 
salmon by Kong et al. 
(2007) in a compara-
ble temperature range 
(100-131.1°C). Banga et 
al. (1993) determined 
a z value of 44°C (Ea= 
67kJ·mol-1) for surface 
L values in canned tuna 
in a temperature range 
similar to that used in 
this work.

5-HMF accumulation

5-HMF accumulation 
was bet ter descr ibed 
with in the tempera-
ture range studied by 
a pseudo-first order re-
action. The results ob-
tained are presented in 
Table I I and Figure 3. A 
similar reaction order has 
been obtained for 5-HMF 
accumulation in citrus juice 
concentrates stored for eight 
weeks in a range of 28-45°C 
(Koca et al., 2003). Other 
authors, however, have gen-
erally reported a zero order 
reaction for 5-HMF accumu-
lation during non-enzymatic 
browning (Cer rut t i et al., 
1985; Tosun, 2004; Koca et 
al., 2007). Since 5-HMF is 
an intermediate compound 
in non-enzymatic browning 
reactions, it is generated and 
at the same time consumed 

to produce brown pigments. 
At any moment, the 
accumulated amount 
of 5-HMF represents 
a balance between 
its production and 
consumption in the 
global reaction. In 
this case, elevated 
sterilization temper-
atures as those used 
for low-acid foods 
were involved (110-
125°C), something 
not usual ly found 
in this type of stud-
ies. Consequently, 
5-HMF was pro-

duced at a faster rate 
in a relat ively shor t 
period (up to 60min), 
showing an induction 
period of about 20min. 
A zero order reaction 
is the simplest model 
to descr ibe the Mail-
la rd reaction without 
an induct ion per iod 
(Warmbier et al., 1976; 
Labuza and Saltmarch, 
1981; Baiser and Labu-
za, 1992; Narayan and 
Cross, 1992). Although 
a zero order reaction 
can be used to model 

brown pigment for-
mation, provided 
that the amount of 
reactants a re not 
l imit ing, the reac-
t ion is not st r ict ly 
a zero order reac-
tion because usually 
an induction period 
exists before brown 
pigment formation 
star ts (Labuza and 
Saltmarch, 1981; 

Labuza, 1994; Bates et 
al., 1998). In this case, 
when the induction pe-
r iod was considered, 
the best adjustment was 
obtained for a pseudo-
first order reaction. In 
any case, browning is a 
very complex reaction 
that can be only mod-
eled by a pseudo order 
of reaction.

The effect of temper-
ature on 5-HMF accu-
mulation could be taken 
into account by means 
of the Arrhenius equa-
tion (Figure 4), with 

values of Ea = 38.9kJ·mol-1 

and lnko= 9.12min-1. Linear 
regression analysis showed a 
determination coefficient R2= 
0.895 (p<0.05). No Ea values 
for fishery products could be 
found in the l iterature for 
this parameter.

The Ea values obtained for 
lightness or color parameter 
L (92.0kJ·mol-1), and 5-HMF 
accumulation (38.9kJ·mol-1) 
indicated that the latter is 
less sensible to changes in 
processing temperature. This 
could be expected since the 
chemical reaction involved 
in the formation of color 
compounds includes other 
temperature dependent reac-
tions besides the formation 
of 5-HMF and, therefore, 
the decrease in the L value 
can be accounted by them 
in addition to the Maillard 
reaction. In this way, it can 
be stated that in this case 
the Maillard reaction took 
place, but it was not the only 
responsible for the change 
in color. Consequently, the 
L value is a more suitable 
parameter to fol low color 
changes in a tuna-vegetable 
mixture during heating than 
5-HMF accumulation.

Conclusions

The kinetics of color change 
in a tuna-vegetable mixture 
during heating was measured 
by the color parameter L and 
5-HMF accumulation. In the 
first case the reaction was bet-
ter described by a pseudo-
zero order reaction although 
a pseudo-first order reaction 
could also adequately describe 
it. For 5-HMF accumulation, 

a pseudo-first order reac-
tion was found, evidencing 
that the Maillard reaction 
was taking place. Ea val-
ues of 92.0 and 38.9kJ·mol-1 
were obtained for lightness 
L (for a pseudo-zero order 
kinetics) and 5-HMF accu-
mulation (for a pseudo-first 
order kinetics), respectively. 
The color parameter L was 
more sensitive to tempera-
ture changes than 5-HMF 
accumulation, and hence it 
is suggested for the evalu-
ation of heat induced color 
changes in this product.

Figure 2. Arrhenius plot for color parameter L of a 
tuna-vegetable mixture.

Figure 3. Kinetics of 5-HMF accumulation during 
thermal treatment of a tuna-vegetable mixture, in a 
temperature range of 110-125°C.

Figure 4. Arrhenius plot for 5-HMF accumulation of 
a tuna-vegetable mixture.

TABLE II
PSEUDO FIRST ORDER REACTION 

RATE FOR 5-HMF ACCUMULATION 
IN A TUNA-VEGETABLE MIXTURE 

DURING HEATING

Temperature (°C) -k (min-1) R2

110 0.047 0.987
115 0.048 0.966
120 0.066 0.956
125 0.071 0.944
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