
ABSTRACT: Oil degradation caused by the number of fryings
performed and the effect of oil degradation on the color of fried
battered squid rings were studied. Spectrophotometric tech-
niques with absorbance in the UV and visible ranges, and io-
dine, peroxide, and acid values were used to determine oil
degradation. Determination of various CIELAB parameters in
order to study the external color of the fried battered squid rings
revealed no differences in color due to the number of fryings. A
study of the color of the battered squid rings at various frying
times and temperatures showed significant differences for both
variables. Although there was some degradation in the oil after
20 fryings, appearing as a slight darkening, it did not affect the
final color of the fried, battered squid rings.
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The process of frying is frequently used in food manufactur-
ing. In frying, oil is heated to temperatures above 180°C in
the presence of air for long periods. As a result, degradation
of the oil takes place, and volatile and nonvolatile compounds
are formed. The main causes of the degradation are oxidation
reactions and reactions due to the interaction of oil and food
at high temperatures (1,2).

Various authors have studied the physical and chemical
changes that take place in oil during frying. Min and
Schweizer (3) studied lipid oxidation of oil used to prepare
potato chips by measuring PV. To evaluate the quality of the
aroma of the oil, they analyzed volatile compounds. Tyagi
and Vasishtha (4) and Tsaknis et al. (5) studied the chemical
changes that took place in oil during the frying of potato chips
by evaluating various parameters including iodine index, PV,
FFA content, color, and viscosity.

However, the changes that take place in oil during frying
can be studied more quickly by the use of spectrophotometric
techniques. Absorbance values in the UV range reflect the
presence of conjugated double bonds that are due to the for-
mation of peroxides and other by-products of lipid oxidation.
On the other hand, measurement of absorbance in the visible
range indicates the changes that take place in oil color inten-
sity (6,7), which are related to other parameters that affect oil
quality. Studies of color changes are based on quick tests that

require only a small sample quantity, and results can be con-
sidered as an index of oil quality. The value of this type of test
is that it can be applied quantitatively by companies that use
frying oil in their processes, and qualitatively by restaurant
owners and end users, for oil darkening implies some degree
of degradation, even though the dark color of the oil may not
affect the fried product’s final color.

The aim of the present work was to study the degradation
of oil during the frying of battered squid rings using spec-
trophotometric techniques, and to analyze how this degrada-
tion affects the color of the fried battered squid rings.

EXPERIMENTAL PROCEDURES

Batter preparation. A commercial batter formulation supplied
by Adin, S.A. (Paterna, Valencia, Spain) was used. It con-
sisted of wheat flour (85%), corn flour (5.8%), salt (5.5%),
flavoring (0.6%), and leavening [Na2H2P2O7 (1.32%)/
NaHCO3 (1.78%), w/w].

The batter was prepared by blending the dry ingredients
with water (1:1.2, w/w) at speed 2 for 2 min in a Kenwood
Major Classic mixer (Kenwood Ltd., Havant, United King-
dom), and its apparent viscosity was measured at 20°C (Fluke
digital thermometer, Everett, WA) with a Haake Viscotester
VT5R (Crawley, United Kingdom) equipped with a No. 3
spindle at 2 rpm. The viscosity values obtained ranged from
30,360 to 40,120 mPa·s.

Sample coating. Frozen squid rings were obtained from a
local supplier. The squid rings were thawed, pre-dusted with
wheat flour, and immersed in the batter. After being allowed
to drip for 5 min, the battered squid rings were pre-fried at
190°C for 30 s, placed in plastic freezer bags (LDPE film,
thickness 150 µm), and stored at −18°C for 1 wk.

Frying. Refined sunflower oil with a high oleic acid content
was used (Koipe, S.A., Jaén, Spain). The frying was done in a
Fritaurus Professional 4 domestic electric fryer (Taurus,
Barcelona, Spain) over a period of 40 d, with one frying being
done per day. The oil (4 L) was heated and maintained at 190 ±
2°C for approximately 30 min each day, and during this time
three squid rings (6–7 g each before frying) were fried for 3
min. Excess surface oil was allowed to drain on tissue paper
after frying.

Absorbance test procedure. In order to discover what changes
took place in the oil as the number of fryings increased, its ab-
sorbance spectrum was measured with a spectrophotometer
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[Hewlett-Packard (HP) 8452A Diode Array Spectrophotome-
ter], controlled by HP 89532A UV-Vis software. The ab-
sorbance of the oil was measured at 20°C, 24 h after each fry-
ing. The wavelength range used was 200 to 700 nm. The appa-
ratus was calibrated using an empty cuvette (7). For this study,
Elkay Ultra-Vu disposable polystyrene cuvettes with a 10-mm
base measurement were used. In each case, three cuvettes were
filled with oil from the fryer and the absorbance spectra from
each cuvette were recorded. The oil was then emptied back into
the fryer.

Photometric Color Index (PCI). The PCI was calculated
using the following equation based on AOAC method Cc
13c-50 (8):

Photometric Color Index = 1.29(Ab460) + 69.7(Ab550)
+ 41.2(Ab620) − 56.4(Ab670) [1]

where Ab460, Ab550, Ab620, and Ab670 are the absorbance val-
ues at the 460, 550, 620, and 670 nm wavelengths, respec-
tively, obtained from the spectrum.

Chemical analyses of oil. AOCS methods (8) were used
for determining acid value (Method Cd 3a-63), iodine value
(Method Cd 1-25), and PV (Method Cd 8-53).

Measurement of color. The instrumental measurement of
the fried battered squid ring color was performed with a
Hunter Labscan II colorimeter, and the results were expressed
in accordance with the CIELAB system with reference to il-
luminant D65 and a visual angle of 10°. The measurements
were performed through a 6.4-mm diameter diaphragm con-
taining an optical glass. The parameters determined were L*
[L* = 0 (black) and L* = 100 (white)], a* (−a* = greenness
and +a* = redness), and b* (−b* = blueness and +b* = yel-
lowness). The total color difference (∆E*) and the yellowness
index (YI) were calculated according to Reference 9:

[2]

YI = 142.86 b*/L* [3]

where L1
*, a1

*, and b1
* are the pre-fried sample color param-

eter values.
Three squid rings were fried each time, and the color of

the outer coating of batter was measured. After frying, the
rings were left to soften on a tray covered with tissue paper
for about 15 min to facilitate color measurement. Each ring
was divided into three approximately equal pieces, and six
measurements were made with each piece, three on the outer
side (contact with oil) and three on the inner side (contact
with squid). All the measurements were made by placing the
sample directly on the colorimeter diaphragm.

Effect of frying time and temperature on color develop-
ment. Experiments were carried out for various oil tempera-
tures (160, 170, 180, and 190°C). The frozen battered squid
rings were fried for 0.5, 1, 1.5, 2, 2.5, and 3 min to measure
color changes during frying.

Statistical analysis. An ANOVA was performed to study
the influence of frying on the color of the frozen, battered
squid rings, using the SAS software system (10).

RESULTS AND DISCUSSION

Measurement of absorbance. The absorbance values in the
UV range (200 to 400 nm) reflect the presence of conjugated
double bonds in the structure of the oil molecule. These bonds
are probably the result of the formation of peroxides and other
by-products of lipid oxidation (11). They are also indicative
of the appearance of other, nonoxidized types of bonding
formed by isomerization, with maximum absorbance values
at 234 nm for dienes and 270 nm for trienes (6,12).

Figure 1A shows that the absorbance value at 234 nm in-
creased with the number of fryings. This indicates an alteration
in the oil produced by the conjugation of double bonds as a
consequence of a primary oxidation. Figure 1B shows the in-
crease in absorbance at 270 nm, which reflects the appearance
of oxidation by-products such as unsaturated α- and β-dike-
tones and β-ketones, typical of oils in the process of going ran-
cid (11). As in the previous case, the absorbance value at 270
nm increased with the number of fryings, with the value in-
creasing in line with frying time. In both cases there were sig-
nificant differences (P < 0.05) after 20 to 22 fryings.

∆E L L a a b bn n n* ( * *) ( * *) ( * *)= − + − + −1
2

1
2

1
2
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FIG. 1. Absorbance values of oil measured in the UV range (234 and
270 nm) in relation to number of fryings.



The measurement of absorbance in the visible range (400
and 450 nm) indicates the changes that took place in the in-
tensity of the color of the oil. As frying time increased there
was a darkening of the oil, owing mainly to particles of food
that caramelized and released soluble compounds into the fats
(7). Figure 2 shows that the absorbance at 400 (A) and 450
nm (B) increased with the number of fryings. As with the
measurements in the UV range, there were significant differ-
ences after 20 fryings.

Figure 3 shows the complete spectrum of the oil for fry-
ings 1, 20, and 40. Although all three curves have a maximal
absorbance at 312 nm, as the number of fryings increases the
maximum band becomes wider at higher wavelengths (300 to
400 nm) and the curve for frying no. 40 even shows two peaks
(300 and 500 nm). These changes in the absorbance curves
are due to degradation of the oil during frying.

PCI. The PCI is a combination of the absorbance values at
wavelengths of 460, 550, 620, and 670 nm; wavelengths be-
tween 530 and 795 nm are appropriate for measuring the
degradation of fats (13). The PCI was calculated for the oil of
each of the 40 fryings studied, and the regression model ob-
tained was as follows:

PCI = 0.63 – 0.43[nf] + 0.02[nf]
2; R2 = 0.9696 [4]

where nf is the fry number.

As can be seen in Figure 4, there was practically no varia-
tion in this index until frying no. 20, and from then on there
was a significant linear increase. This indicates that after 20
fryings the degradation of the oil began to be detectable, a re-
sult that agrees with the absorbance measurements discussed
earlier. The PCI provides a practical way of detecting the be-
ginning of deterioration as a result of thermal exposure.

Chemical analyses of oil. To monitor the properties of the
oil, the values of the classic indices (iodine, peroxide, and
acid values) used for determining oil degradation were ob-
tained after 0, 5, 10, 15, 20, 25, 30, 35, and 40 fryings (Table
1). As can be seen, the changes in the indices are continuous,
and none of them reflects the inflection detected by the use of
the PCI or the absorbance spectrum analysis.

Measurement of color. The results of the measurements
performed on the fried, battered squid rings were expressed
in accordance with the CIELAB system, and the rectangular
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FIG. 2. Absorbance values of oil measured in the visible range (400 and
450 nm) in relation to number of fryings.

FIG. 3. Spectrum obtained for fryings nos. 1, 20, and 40 between 200
and 700 nm.

FIG. 4. Photometric Color Index values obtained in relation to the num-
ber of fryings.



coordinates (L*, a*, b*) were defined. To study the effect of
the number of fryings on the color parameters, an ANOVA
was carried out.

The parameters used to determine the color of the squid
rings were a* (redness), b* (yellowness), YI (yellowness
index), and ∆E*. Figure 5 shows these four parameters in rela-
tion to the number of fryings. As can be seen, they all followed
a similar pattern. There was a significant increase in the value
of the parameters between the pre-fried product (frying no. 0)
and frying no. 1, although no significant differences were found
as the number of fryings in the same oil increased.

Visual comparison of the fried, battered squid rings corre-
sponding to frying no. 1, fried in fresh oil, and the fried bat-
tered squid rings corresponding to frying no. 40, fried in oil

that had been used 40 times, also did not reveal differences in
color between the two batches.

The results obtained previously showed that the oil
began to degrade after 20 fryings, but this degradation did
not affect the color of the outer layer of batter on the fried
squid.

Effect of frying time and temperature on color develop-
ment. The parameters b* and a* were used to study the effect
of frying time and temperature on the color of fried battered
squid rings because they best represent the variations in this
product’s color (golden yellow). Tables 2 and 3 show the val-
ues of b* and a* for all the times and temperatures studied.
The color of the fried, battered squid rings was affected by
both frying temperature and frying time. Both b* and a* in-
creased as frying time increased, and this difference was sig-
nificantly greater at 190°C. In general, after 1.5 min of frying
there were significant differences in relation to temperature,
and the values of the parameters increased as the temperature
increased. These results agree with the studies carried out by
Krokida et al. (14), who measured the color of potatoes fried
for different times and at different temperatures.
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TABLE 1
Acidity Value, Iodine Value, and PV in Relation to Number of Fryingsa

Iodine value PV
Number Acidity value (g of I2/100 g (meq. O2/kg
of fryings (% as oleic acid) of oil) of oil)

0 0.205a 134.2a 5.69a

(0.006) (1.8) (0.08)
5 0.276b 139.3b 11.58d

(0.003) (2.4) (0.32)
10 0.296b 134.8a,b 7.95b,c

(0.006) (1.4) (0.06)
15 0.332c 126.420c 7.12a,b,c

(0.009) (1.848) (0.31)
20 0.352c 122.7c,d 6.24a,b

(0.011) (0.6) (0.02)
25 0.552d 125.0c,d 6.71a,b,c

(0.006) (1.8) (2.74)
30 0.592e 120.6d 5.08a

(0.011) (1.8) (0.44)
35 0.663f 121.3c,d 8.45c

(0.017) (0.7) (0.05)
40 0.704g 104.4e 10.88d

(0.023) (4.0) (0.15)
aMeans in the same column without a common superscript letter differ
(P < 0.05) according to the least significant difference multiple range
test. Values within parentheses are SD.

FIG. 5. Values of the color parameters a* (redness), b* (yellowness), ∆E*
(total color difference), and YI (yellowness index) in relation to number
of fryings.

TABLE 2
Values of b* in Relation to Frying Time and Temperaturea

Time (min) 160°C 170°C 180°C 190°C

0.5 25.9a,A 24.4a,A 25.8a,A 29.2a,A

(2.9) (3.8) (2.0) (2.8)
1.0 25.4a,A 26.8a,b,A 26.9a,A 31.0a,A

(1.0) (4.0) (2.8) (4.1)
1.5 29.4a,b,B 29.6b,c,B 32.5b,B 38.6b,A

(2.2) (1.4) (2.2) (2.2)
2.0 28.9a,b,C 29.7b,c,B,C 35.0b,A,B 38.8b,A

(5.7) (1.6) (0.3) (2.3)
2.5 31.6a,b,B 31.9b,c,B 32.8b,B 38.7b,A

(3.7) (3.3) (0.9) (0.5)
3.0 33.2b,B 32.0c,B 34.7b,B 39.6b,A

(3.6) (1.6) (0.5) (1.7)
aSuperscript lowercase letters correspond to the analysis by columns. Super-
script capital letters correspond to the analysis by rows. Means without a
common superscript letter differ (P < 0.05) according to the least significant
difference multiple range test. Values within parentheses are SD.

TABLE 3
Values of a* in Relation to Frying Time and Temperaturea

Time (min) 160°C 170°C 180°C 190°C

0.5 0.5a,A 0.7a,A 1.1a,b,A 1.2a,A

(0.4) (0.3) (0.5) (0.4)
1.0 0.7a,B 1.7a,b,A,B 1.1a,A,B 2.1a,A

(0.5) (0.2) (0.7) (0.7)
1.5 2.2a,b,B 2.7b,B 2.4b,B 6.2b,A

(1.0) (1.0) (0.5) (0.9)
2.0 3.1b,C 2.7b,B,C 4.6c,A,B 6.3b,A

(0.6) (0.9) (0.9) (1.1)
2.5 3.5b,B 3.0b,B 3.9c,B 5.8b,A

(1.3) (0.8) (0.3) (0.3)
3.0 3.5b,A,B 3.0b,B 4.2c,A,B 6.2b,A

(2.0) (0.7) (1.1) (0.1)
aSuperscript lowercase letters correspond to the analysis by columns. Super-
script capital letters correspond to the analysis by rows. Means without a
common superscript letter differ (P < 0.05) according to the least significant
difference multiple range test. Values within parentheses are SD.



A second-order polynomial model was developed to show
the effect of time (t) and temperature (T) on the change in
color (∆E*) that took place in the fried, battered squid rings.
The equation obtained was:

∆E* = −14.803 + 0.566.10−3 T 2 − 2.463t2 + 0.067Tt [5]

The coefficient of regression obtained (R2) was 0.8898, indi-
cating a good fit with the model. In this case, both frying tem-
perature and frying time had a significant effect on ∆E*. In
using this model, ∆E* was plotted against time and tempera-
ture (Fig. 6). As can be seen, the effect of temperature was
greater than that of time. As the frying temperature increased
there was an increase in the value of ∆E*, whereas as frying
time increased there was an increase in ∆E* at shorter times
and then it stabilized at about 2 min.

Although under the conditions employed the frying oil
began to degrade at frying no. 20, its darkening did not sig-
nificantly affect the color of the fried, battered squid rings,
which were of the same color in the 40 fryings studied. This
result indicates that the color of fried, battered products can-
not be associated with the darkening of the oil employed, and
that degradation of the oil cannot be detected without making
a more profound analysis.
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FIG 6. Response surface of the color parameter ∆E* in relation to frying
time and temperature.


