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Abstract

Cold-pressed pumpkin and safflower seeds oils were stored at 2+ 1 °C, 20+ 1 °C and 40+ 1 °C for 8 weeks. Measurements
of lipid quality parameters were performed every 2 weeks. Throughout storage the emission and synchronous fluorimetric
spectra of investigated oils were registered and colour L*, a*, b* parameters were determined. It was found that pumpkin
oil, regardless of storage temperature, maintains high quality over the entire examined period. Safflower oil demonstrated
relatively low oxidative stability, especially when stored at 20 and 40 °C. Evaluated activation energy of oxidation was 82.9
and 36.5 kJ/mol for pumpkin seed and safflower oil, respectively. Emission spectra determined the nature of changes occur-
ring in investigated oils at all storage temperatures. Registered synchronous spectra connected with the principal component
analysis (PCA) allowed the crucial factors influencing the oil quality to be identified. In addition, regression models were
used to determine the parameters causing the observed colour changes of the examined products.
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Introduction

Due to increasing interest of consumers in cold-pressed oils,
there is a need for in-depth extensive studies on quality and
stability of such products as well as the nature of changes
occurring during their storage. Cold pressing is a simple and
low-energy process, which protects most of bioactive com-
pounds. However, its disadvantage is low yield and difficul-
ties in obtaining a product with a consistent quality. Genetic
factors, cultivation, climate, production and storage condi-
tions of oils are critical factors for the content of bioactive
compounds [1]. Storage conditions strongly affect the extent
of the hydrolytic and oxidative changes and activity of pro-
and antioxidants. Lipid oxidation is the main process leading
to the quality deterioration of oils [2].

Pumpkin (Cucurbita pepo L.) seed oil shows preventive
effects against hypertension and carcinogenic diseases and
it is characterized by specific sensory properties. It also con-
tains compounds such as tocopherols and polyphenols, those
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having important biological and physiological properties [3,
4]. Safflower (Carthamus tinctorius L.) oil is nutritionally
similar to the sunflower oil [5]. There are two groups of saf-
flower cultivars: one with high content of linoleic acid and
the second with high content of oleic acid [6]. The latter
makes a great frying oil, while the first reduces blood cho-
lesterol levels. It is also effective in the prevention and treat-
ment of cardiovascular diseases, male sterility and female
infertility [5].

Fluorescence spectroscopy is one of the methods proved
to support the traditional chemical analyses on the oxidative
status of lipid-containing products. Its main advantages are
sensitivity and selectivity. Besides the recording of emis-
sion or excitation spectra at a particular excitation/emission
wavelength, there is also a possibility of scanning both types
of spectra simultaneously, which is called synchronous fluo-
rescence spectroscopy. This results in narrowing of spectral
band, simplification of the spectra and contraction of spec-
tral range. The analytical information contained in the spec-
tra can be extracted using various chemometric methods,
like principal component analysis (PCA) [7].

The aim of the studies was to determine the influence
of storage time and temperature on quality parameters of
the cold-pressed pumpkin and safflower seeds oils. The oxi-
dative and hydrolytic processes occuring in stored oils are
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connected with changes in colour, which are important for
the quality of products. Therefore, using standard analytical
and fluorimetric methods an attempt was made to objectively
correlate the measured colour parameters with chemical and
spectral quality indicators.

Materials and methods

Commercially available cold-pressed pumpkin and safflower
seeds oils were stored at 2+ 1 °C, 20+ 1 °C and 40+ 1 °C for
8 weeks. They were kept in the original 250 ml dark glass
bottles in darkness. Every 2 weeks analysis of samples from
these bottles was carried out.

Oil quality indicators

The acid (AV), peroxide (PV) and p-anisidine (pAV) val-
ues were determined in accordance with standard methods,
namely: Cd 3d-63, Cd 8b-90 and Cd 18-90, respectively [8].
Content of thiobarbituric acid reactive substances (TBARS)
was determined using an extraction method [9]. The results,
expressed as mg malondialdehyde (MDA) per kg of oil,
were calculated from the standard curve (y=0.1818x,
R%Z=0.91 38) of the 1,1,3,3-tetracthoxypropane stand-
ard (Sigma-Aldrich Chemie GmbH). The total oxidation
value (TOTOX) was calculated according to the following
equation (Eq. 1):

TOTOX =2 - PV + pAV (1

Activation energy of oxidation processes in the investigated
oils was evaluated assuming the first order reaction of oxida-
tive changes at all used temperatures of storage (Eq. 2), and
next applying the Arrhenius equation (Eq. 3):

M =k-TOTOX 2)
dt
k=A.c® 3)

where: t—time (s), k—reaction rate constant (s™'),
TOTOX—total oxidation value, E,—activation energy of
oxidation (kJ mol~!), T—storage temperature (K), A—pre-
exponential factor.

Fatty acid composition

The esterification was performed using the AOCS Official
Method Ce 2-66 [8]. The fatty acid composition, in the form
of methyl esters, was determined using a Trace GC Ultra gas
chromatograph (Thermo Electron Corp., Waltham, USA)
equipped with a flame-ionization detector (FID). Separa-
tions were carried out on a SUPELCOWAX 10 column
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(30.0 mx 0.25 mm X 0.25 pm) with helium 5.0 (as a car-
rier gas) at a flow rate of 1 ml/min. The column was heated
using the following temperature settings: 160 °C for 3 min,
then increasing to 210 °C with a rate of 3 °C/min thus main-
taining this temperature for 35 min. Injector and detector
temperatures were 220 and 250 °C, respectively. Individual
fatty acid methyl esters were identified by comparison with
the standard mixture of Supelco 37 component FAME Mix
(Sigma-Aldrich Co.) and of CLA isomers (Sigma-Aldrich
Co., St. Louis, MO). The percentages of particular fatty
acids were calculated on the basis of their surface. Each
sample was analyzed three times.

The resistance of oils to oxidation was expressed as the
calculated oxidizability value (COX), obtained from Eq. 4
[10]:

_[C18 1 1(%)]+103-[C18 : 2(%)] +21.6 - [C18 : 3(%)]

CoX s
“

Fluorescence spectra

The fluorescence spectra were registered in front-face mode,
using a quartz cuvette with 1 cm optical length in a Varian
Cary Eclipse spectrofluorimeter. A xenon lamp was used for
excitation. Excitation and emission slits widths were 5 nm.
The emissions spectra (A, 410-750 nm) were recorded with
the excitation wavelength of 382 nm, based on the inves-
tigations of model systems related to lipid oxidation [11].
Synchronous fluorescence spectra were collected by simul-
taneously scanning the excitation and emission in the range
of 250-750 nm with the constant AA between them. The
spectra were recorded for A) in the range 10-60 nm every
10 nm.

CIE L*a*b* coordinates

In order to directly measure the colour, CIE L*a*b* coordi-
nates were read using a spectrophotometer (CM-5, Konica
Minolta Sensing Inc, Japan). The measurements were per-
formed in transmittance mode, using D65 illuminant with a
10° observation angle. The samples of undiluted oils were
poured into glass cuvettes with a 10 mm optical path for saf-
flower oil and 1 mm for oil of pumpkin seed. In CIE system,
the L* value is a measure of lightness ranging from 0O (black)
to 100 (white), the a* value represents the red/green axis and
varies from — 120 (greenness) to + 120 (redness), and the b*
value represents the yellow/blue axis and varies from — 120
(blueness) to + 120 (yellowness). The differences between
the colours of two samples (AE), were calculated, according
to the Eq. 5 [12]:
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AE = \/ (AL*)? + (Aa*)? + (Ab*)? (5)

Spectrophotometric determination of carotenoid
and chlorophyll contents

Contents of carotenoids were determined according to the
procedure described by Hashemi et al. [13], whereas of
chlorophyll was determined based on the AOCS method Cc
13i-96 [8], using a Super Aquarius UV/Visible spectropho-
tometer (Cecil Instruments, UK).

Statistical analysis

All measurements were replicated three times. Differences
between mean values were determined by the Tukey-HSD
multiple comparison test. In order to evaluate the effect of

storage time and temperature on the band intensities in fluo-
rescence spectra, principal component analysis (PCA) was
applied. Regression analysis of the obtained results was also
carried out. Differences were considered statistically signifi-
cant at p<0.05. All statistical tests were implemented using
CSS Statistica v. 12.5 (Stat Soft Inc.) software.

Results and discussion

Values of quality indicators obtained for both oils were
shown in Table 1. Generally, the peroxide value of safflower
oil increased faster than of pumpkin seed oil, whereas the
changes in the pAV and TBARS were similar. TOTOX is
the most informative indicator describing oils’ susceptibil-
ity to oxidation. As for both oils, only the samples stored at
2 °C were characterized by similar values of this indicator.
Safflower oil stored at 20 and 40 °C had higher values than

Table 1 Oil quality indicators

3 Stor- Pumpkin seed oil Safflower seed oil
of the pumpkin and safflower age time
oils stored at 2+ 1 °C, 20+1 °C (week) 2+1°C 20+2°C 40+2 °C 2+1°C 20+2°C 40+2°C
and 40+ 1 °C for 8 weeks
Acid value (mg/g)
0 258+0.11°  258+0.11* 258+0.11* 1.39+0.06° 1.39+0.06* 1.39+0.06
2 2.64+023® 3044018 3.48+023% 1.50+0.16° 1.58+0.18" 2.36+0.30¢
4 2.67+0.06° 3.53+0.08! 4.04+0.02° 1.69+0.03° 2.12+0.24° 3.33+0.06
6 3.51+0.03¢  4.07+0.17° 4.11+0.12° 1.85+0.11° 2.11+0.10° 3.98+0.082
8 3.64+0.14%  3.99+027% 4.19+0.07°7 257+0.17° 2.69+0.09° 4.23+0.20%
Peroxide value (meq/kg)
0 5.85+0.16° 5.85+0.16° 585+0.16° 4.57+0.08° 4.57+0.08  4.57+0.08"
2 8.75+0.15° 10.00+0.32° 10.96+0.38¢ 6.69+0.10° 10.71+0.07° 12.07+0.17¢
4 9.18+0.41° 10.82+0.06% 12.504+0.18° 10.11+0.10° 18.71+0.28" 23.38+0.27¢
6 10.00+0.84° 10.86+0.59¢ 12.41+0.52° 12.04+0.08% 22.59+0.67¢ 32.13+0.611
8 10.45+0.44°  12.61+0.44° 14.01+0.497 13.10+£0.05° 24.29+0.53" 43.55+0.63
p-Anisidine value
0 1.05+0.05*  1.05+0.05° 1.05+0.05* 0.68+0.04* 0.68+0.04>  0.68+0.04*
2 1.06+0.12*  1.76+£0.06° 2.05+0.14° 1.01+0.12> 1.16+0.12* 1.84+0.06
4 1.08+0.19*  2.01+0.05¢ 2.95+0.13°  1.09+0.10° 1.26+0.05* 1.99+0.11f
6 1.30+0.11°  241+0.02° 3.02+0.15° 14440079 1.61+0.04° 2.19+0.07¢
8 1.70+£0.07°  3.55+0.028 3.69+0.02¢ 197+0.02% 2.19+0.012  3.30+0.03"
TBARS (mg MDA/kg)
0 0.28+0.11°  028+0.11* 028+0.11* 0.43+0.14> 043+0.14*  0.43+0.14°
2 0.34+0.03*  0.64+0.03°> 084+0.05" 045+0.03* 0.61+0.14" 0.88+0.12"
4 1.2540.03°  1.87+0.03¢ 191+0.100 1.58+0.099 1.92+0.10° 2.66+0.012
6 259+0.15° 3.19+0.10° 3.58+0.05% 24340077 2.77+0.13%  3.41+0.041
8 3.04+0.03F  355+0.14¢ 4.18+0.17" 292+0.07" 3.50+0.341  548+0.21
TOTOX
0 12794034 12.79+0.34% 12.79+0.34*  9.82+0.38* 9.82+0.38"  9.82+0.38*
2 18.56+0.21° 21.76+0.69° 23.97+0.779 14.39+0.18" 22.58+0.64° 25.98+0.329
4 19.44+0.74 23.65+0.08¢ 27.95+0.25° 21.31+0.26° 37.60+1.32f 48.75+1.89¢
6 21.30+1.58° 24.13+1.219 27.84+0.86° 25.52+1.84% 46.79+0.408 66.45+3.21"
8 22.60+0.81°9 28.77+0.86° 31.71+1.007 28.17+0.45° 50.77+2.498 90.40+4.51'
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pumpkin oil, which is the result of lower oxidation stabil-
ity of this oil. A high rate of the first oxidation step of saf-
flower oil, even at 20 °C, was also observed by other authors
[14]. Evaluated values of the activation energy for both oils
are 82.9 and 36.5 kJ mol~! for pumpkin and safflower oils,
respectively, which is further evidence for higher resistance
of pumpkin oil to oxidation in comparison to safflower one.

Pumpkin oil practically regardless of the storage tem-
perature showed high oxidative stability. The effect of
temperature on the range of oxidative changes in safflower
oil was more significant. Only the samples stored at 2 °C
retained relatively good quality. The observed difference is
connected with the various content of antioxidants in ana-
lysed oils. The initial level of carotenoids and chlorophylls
in pumpkin oil was 7.44 mg/kg and 3.81 mg/kg, respec-
tively, which is similar to the values obtained by Hashemi
et al. [13] and Gérnas et al. [15]. Safflower oil contains of
relatively smaller amounts of chlorophylls and carotenoids,
which in the present study were 0.31 mg/kg and 2.13 mg/
kg respectively. According to Franke et al. [16], carotenoids
in this oil amounted to 2.3 mg/kg. The level of carotenoids
approximately did not change during storage at 2 °C. Storage
at 40 °C caused its decrease to 5.81 mg/kg for pumpkin oil
and to 1.20 mg/kg for safflower oil.

The fatty acid composition of both oils follows the values
obtained by other authors [6]. Comparison of the obtained
values before and after storage (Table 2) showed differences

in the proportions of certain fatty acids in the samples stored
at 20 and 40 °C. They concerned linoleic (C18:2), palmitic
(C16:0), stearic (C18:0) and oleic (C18:1) acids. The reason
for the observed changes is the lipid oxidation.

The COX value in pumpkin oil was 5.56 and did not
change during storage. In the case of safflower oil it was 8.65
and decreased with time to 8.47 (20 °C) and 8.23 (40 °C),
because of lowering content of linoleic acid. These values
indicate higher susceptibility to oxidation of safflower than
pumpkin oil. For comparison COX in olive oil is equal to
1.54, coconut oil 0.19, rapeseed oil 4.56 [17], and in apricot
kernels oil 3.3 [10].

Bands at A,,, of 410-500 nm present in Figs. 1 and 2
can be ascribed to fluorescence of the secondary products
of lipid oxidation [10] and at 500-550 nm as well as at
725 nm to fluorescence of carotenoids [18]. Bands of the
chlorophylls’ and pheophytines’ fluorescence are seen at
660-700 nm [19]. Intense bands present at 630 nm (Fig. 1)
can be ascribed to protochlorophylls and protopheophytines
[20, 21]. Changes of all bands’ intensities are particularly
seen in the case of samples stored at 40 °C, especially in
comparison with the spectra of samples stored at 2 °C. Main
changes on the spectra of pumpkin oil (Fig. 1) are observed
in the intensities of the protochlorophyll and protopheophy-
tine fluorescence bands. Samples stored at 40 °C (Fig. 1b)
were characterized by decreasing intensities of these bands.
A similar decrease caused by time and temperature of

Table 2 Fatty acid composition (%) of pumpkin and safflower oil before and after 8 weeks of storage at2+1 °C, 20+ 1 °C and 40+ 1 °C

Fatty acid Pumpkin seed oil Safflower oil
Before storage After 8 weeks of storage Before storage  After 8 weeks of storage
2+1°C 20+2°C 40+2°C 2+1°C 20+2°C 40+2°C

14:0 0.10+0.003*  0.10+£0.004*  0.10+0.003* 0.10+0.002* 0.07+0.003* 0.08+0.003* 0.09+0.006° 0.10+0.007°
14:1 0.00+0.001*  0.00£0.001*  0.00+0.001* 0.00+0.002* 0.00+0.001* 0.00+£0.001* 0.00+0.001*  0.00+0.000*
15:0 0.01+0.000° 0.01+0.001* 0.01+0.001* 0.01+0.002* 0.01+0.001* 0.01+0.001*> 0.01+0.001* 0.02+0.001°
16:0 11.13+£0.145% 11.10+£0.167* 11.13+0.115* 11.09+0.258* 5.18+0.211° 521+0.187° 5.79+0.198° 6.62+0.175°
16:1n-9 0.01+£0.001*  0.01+0.001*  0.01+0.001* 0.01+0.002® 0.01+£0.001* 0.01+0.001* 0.01+0.001*  0.02+0.001°
16:1n-7 0.09+0.002*  0.09+0.002*  0.10+0.003*  0.09+0.002* 0.06+0.001* 0.06+0.001* 0.06+0.001* 0.06+0.001*
17:0 0.04+0.001*  0.04+0.002°  0.04+0.001® 0.04+0.004" 0.02+0.001* 0.02+0.001* 0.02+0.001*  0.02+0.001*
17:1 0.01+0.001*  0.02+0.002®®  0.02+0.001° 0.02+0.003" 0.01+0.002* 0.01+0.002* 0.01+0.002*  0.01+0.002°
18:0 479+0.036* 4.91+0.057° 4.83+0.111° 4.82+0.123* 1.60+0.070° 1.61+0.076* 1.82+0.080° 2.13+0.070°
18:1n-9 31.03+£0.236° 31.12+0.213*  31.09+0.213* 31.26+0.267* 9.11+0.103* 9.15+0.095*  10.02+0.108> 11.27+0.083¢
18:1n-7 1.80+0.106*  1.72+0.082° 1.71+0.074°  1.68+0.059° 0.78+0.054* 0.78+0.057* 0.83+0.052*  0.89+0.059°
18:2n-6  50.37+0.052* 50.28+0.076" 50.33+0.29° 50.26+0.036° 82.71+0.068" 82.62+0.039* 80.80+0.028° 78.19+0.061°
18:3n-6 nd nd nd nd nd nd nd nd

18:3n-3 0.31+0.020° 0.29+0.024*  0.31+0.019* 0.30+0.028" 0.18+0.039* 0.19+0.039* 0.24+0.039°  0.31+0.039¢
20:0 0.25+0.009°  0.26+0.007"  0.27+0.002° 0.26+0.004® 0.16+0.005* 0.16+0.009" 0.19+0.004> 0.24+0.012°
20:1 0.07+0.005*  0.07+0.004*  0.07+0.005*  0.08+0.006" 0.09+0.009° 0.09+0.008® 0.10+0.010>  0.13+0.009°

Different letters mark significantly different (p <0.05, Tukey’s HSD test) homogenous groups

nd not detected
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Fig. 1 Fluorescence emission
spectra of the pumpkin seed
oil stored at 2+ 1 °C (a) and
40+ 1 °C (b) for 8 weeks
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storage was also seen by Sikorska et al. [19] and Tena et al.
[22] during the research of extra virgin olive oil. Intensi-
ties of the bands ascribed to carotenoids also decreased, but
these changes are not very distinct due to low quantum yield
and because of much lower fluorescence intensity in com-
parison to chlorophylls, protochlorophylls and protopheo-
phytins ones. Results of the oil quality indicators’ determi-
nations showed that safflower oil is more susceptible on the
oxidation than pumpkin one. It was also seen on the spectra
in Fig. 2, where the essential changes in intensities of the
bands at 410-500 nm took place. Moreover, during storage
increased intensity of the band at 650750 nm was observed.
It can be explained by formation of pheophytins from the
chlorophylls along with primary and secondary products of
lipid oxidation and connected with the change in colour of
samples stored at 40 °C. Such changes probably occur also

500 550 600 650 700 750
Emission wavelength [nm]

in the samples stored at 2 °C and 20 °C, but after a longer
time than used in the present studies. This statement can
be based on the Van’t Hoff’s rule, according to which an
increase in temperature of 10 °C will cause an increase in
the rate of the reaction by 2—4 times. This rule is also used
in ASLT (Accelerated Shelf Life Test) methodology, in which
it is possible to determine the food quality and shelf life dur-
ing storage at a lower temperature by measuring the extent
of changes taking place in such food stored at an elevated
temperature [23].

In order to evaluate the effect of time and storage condi-
tions on the band intensities on the fluorescence spectra,
principal component analysis (PCA) was applied to the
synchronous spectra obtained with the three displacement
values AA=10, 30, 60 nm. The PCA approach transforms
such variables as wavelengths and intensities of fluorescence
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Fig.2 Fluorescence emis-
sion spectra of the safflower
oil stored at 2+ 1 °C (a) and
40+ 1 °C (b) for 8 weeks
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bands into new ones called principal components (PCs).
They are mutually orthogonal, and each successive PC con-
tains less of the total variability of the initial data set. The
results of PCA are shown in Fig. 3. With regard to the sam-
ples of pumpkin seed oil two components, PC1 and PC2,
explain the whole of the variation caused by temperature
and storage time (Fig. 3a, c, e). The largest increase of PC1
(as well as PC2) was observed for samples stored at 40 °C.
In the case of those stored at both lower temperatures (2
and 20 °C), the increase of PC2 was relatively small and
was accompanied by a simultaneous decrease of the PC1
component, with time of storage.

Principal component analysis performed for the saf-
flower oil samples gave, for AA=10 nm, three compo-
nents, PC1, PC2 and PC3 (Fig. 3b), which explained the

@ Springer

500 550 600 650 700 750
Emission wavelength [nm]

variation. Analysing the changes between subsequent
points, an increase of the PC3 component at all storage
temperatures was observed, with quite small changes of
PC1. As for the whole variation, for samples stored at
40 °C it is explained by three components, whereas for
the remaining ones by two of them only. This indicates
that in safflower oil stored at 40 °C there is an additional
factor responsible for different transformations, compared
to the oils kept at both lower temperatures. These differ-
ent mechanisms of transformations could also be seen in
the results of other analyses, discussed earlier (Table 1,
Fig. 2). Results of PCA obtained for AA=30 and 60 nm
showed that two components, PC1 and PC2, participate
in the explanation of variation (Fig. 3d, f). The compo-
nent PC1 explained ca. 87% of variation; in the case of
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Fig.3 Principal component (a) Pumpkin seed oil (b) Safflower seed oil
agaly;lls) 51m.11ar.1tylmaps deter- 035 777‘7777—T——T——‘——7——T77r7j 06 ‘ T | [ T ] |
mine rincipal component ! I I lg62 | I ! I I I I I I I
Y prncip P 030 fF——d——t——b bR E__l | | \ \ | \
1 (PC1) and PC2 for the fluo- A 04 E——g@g |~ T T T T T
rescence spectra with displace- 025 =~ T S o2t Solm | } } J } }
- [ e A R a > 21 | | I | I \
ments AA=10 nm (a, b), 30 nm 020 77J77J77+77L77‘774 N N I 3 ng | | | | é%%\ |
(¢, d), 60 nm (e, f) of pumpkin N R S N B B o 00 [g 315,8-041 ; } } b 22zer |
S < 015 F—————+——+—— ettt 2021814061
(a, ¢, ¢) and safflower (b, d, f) B Do P S 7 e T — L S -
. . > - 670
seed oils, respectively. Numbers < ot0 Al bt L | I [ \ \ | \
. . . . \ I | \ \ | \
at tags identify the investigated 3 [ e 04 f I I ] ‘ i ] |
P & 005 F—d——4——F+——F——d——d——F+——+——| I | | | | | | |
samples. The first digit denotes A A A A A B 2 06 \ I | \ \ I \
: : . "l | | | | | | | ® V0L | | | | | | |
the storage time in weeks while 0.00 S 5 | | | | | | |
Y S I N S SO R
the second one denote(:)s tlhe2f 005 - —lgep bbb o 08 ‘ [ | ‘ ‘ | ‘
storage temperature or | \ I | \ 4282221262 |
ool S o oro b Moz |1 A0 [
2 °C, 20 °C, and 40 °C respec- 0. ‘ Yeb | ‘ } 7‘ T ‘f } I | | I I | |
; ! \ I \ | \ [ \
tively). Percentages shown on 045 [T PN U POV FUU PN DU P 12 ‘ s . ‘ i . ;
the axis indicate how large a -1.01 -100 -099 -098 -097 096 -095 -094 -093 -0.92 12 10 -08 -06 04 -02 00 02 04
fraction of the total variance is PC1 (98:2%) PC1(61.3%)
explained by the given principal
planed by the given principal (G} ogg -~y (g
component | | | | b2 | | | | | | | | | 42
030 F————+—— +——t————Y%——t——t+—— o5 bl 11 __1 [
[ [ N N R : ‘ T i LRt <oy
025 F——d——d—— Lol L [ | \ \ 2o \
| | \ I \ |
MEENEREEEN A I
T
015 =A™ — _ 03 | | \ \ I \ |
& | | | | | | | | S | | | | | | |
X 010 AP I S N I R U A B | 0 02 r t t il I t f |
0 I T - S A DR R AR AR
I | I \ \ I \ \
[ I \ [ I \ [
SO0 5 s IR ') S S SRS B S I
: [ I [ [ I [ [
005 A4 gL L | | | | | | |
T L o4 L1
S S I S I : | | \ [ | [ \
MBI T O T
02 gt ——t A
- L —— " 20 60
015 } T ‘F } 4‘ T T } -#20406180 81 } } { } }
21" 44
020 [ D DU DU DUUEN DUSE DUS DU 03 Lew2lh . " . . " w )
-1.01 -1.00 -099 -098 -097 -096 -095 -094 -093 -0.92 -0.98 -096 -0.94 -0.92 -0.90 -0.88 -0.86 -0.84 -0.82
PC1 (98.2%) PC1 (87.4%)
() 040 FT T T T e () os r——7—7————1-- T
. | \ [ \ | f1222
035 ~——f——f——T—— i et Bl H S R | | | \ | ="
Lo [ R 05 F—— -~ g~ T wa
030 F—————t——+—— F———d——t——t— | \ | \ | |
I I S N 04 L I | | \ ! I
025 F——d——d——t—— I e | : [ \ | | | I
Lo [ N | lmgp | \ | I
020 F | | | I | | | | | o3 b——+——4—= 1 J I P,
[ N | | | \ \ I
TGl O L TSP S S S N SN S S
P U SN E N SR SO ] N Lo
g L R T T E~ ¥ SN S S — -
o F——t——4———A———F——+t—— e
& 005 F—— =T —T~— =TT 4 | I | I | |
999 N % N P S N S -
. TTTTT T r T
005 m22 | [ N | \ | \ | I
005 F f b ——4——f+——] | \ | \ | I
1'_21\ I T T N R 01 F——f——f——
-0.10 | 1 | | | : } | | | | | | |
| Wod4oe080 | | | | | | o2 bl L1 T
015 F———208——+—— ——h | | I | |
I | I | I | | I - 0204080 61 | I | |
1 L I | L | | | J 1 1 1 1 I I 1 j
-0.20 0.3
101 -1.00 -099 -098 -097 -096 -095 -094 -093 -0.92 098 -0.96 -094 -092 -090 -0.88 -0.86 -0.84 -0.82

pumpkin oil the same component explained more than 97%
of whole the variation. A considerable increase of PC1
was observed for the samples stored at 40 °C, whereas in
the remaining samples there were practically no changes
due to different storage temperatures. However, the values
of principal components fluctuated with the storage time.
Moreover, the creation of a separate group by the points
obtained from the analysis of samples stored in 40 °C is

also seen (Fig. 3b, d, f).

PC1 (97.7%)

PC1 (86.3%)

Colour, an important factor determining the visual oil
acceptance, is usually attributed to the presence of such
components as chlorophylls and/or carotenoids. The initial
colour parameters for investigated oils together with their
changes during storage and AE calculated according to Eq. 4
are presented in Table 3. Initially, pumpkin seed oil was
more green (negative a*) and during storage the a* value
gradually shifted towards red. This is in agreement with the

results of analysis of fluorescence spectra (Fig. 1), which
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Table 3 Results of CIE L*a*b* parameters measurements during storage of pumpkin and safflower oils

@ Springer

AE

Ab*

Aa*

AL*

Storage time
(weeks)

40+2°C

20+2°C

20+2°C 40+2°C 2+1°C 20+2°C 40+2°C 2+1°C 20+2°C 40+2°C 2+1°C

2+1°C

Pumpkin seed oil initial parameters: L* 60.16+0.11; a" — 10.38 £0.06; b" 61.94 +0.03

8.87+0.01¢
11.20+0.01°
12.35+0.01°
11.98+0.01°

7.13+0.01* 6.96+0.01*

0.53+0.01¢
—0.69+0.02¢
—-0.88+0.01
—1.07+0.01¢

6.76+0.01* 6.87+£0.014 8.80+0.01"  —0.18+0.01° 0.71+0.01°

—-1.01+0.01°
—-0.62+0.01¢

—~0.84+0.01¢
—-1.00+0.02°
—0.92+0.02°
—0.48+0.01¢

Safflower oil initial parameters: L* 90.19 +0.11; a* 0.34 +0.03; b* 79.03 +0.03

—2.27+0.02°
—-0.98+0.02"
—0.82+£0.01°
—-0.85+.01°

7.68 +0.00°

6.51+£0.01°

7.58+0.01° 11.26+0.01" 0.62+0.01° 0.68+0.01°

6.41+0.01°

8.07+0.01°

6.47+0.01°

6.37+0.01° 7.99+0.01¢ 12.32+0.01 M 0.80+0.02¢ 0.71+0.01°
11.92+0.01"

0.00+0.03°
—0.37+0.01"

9.12+0.01¢

6.68+0.02°

0.02+0.01°

0.64+0.01°

9.11+0.01°

6.60+0.02%

21.60+0.01°
19.31+0.01°

0.30+0.01° 1.06+0.01°

20.27+0.01
18.10+0.01

-0.86+0.01¢
—-0.66+0.01°
—-247+0.01°
—2.63+0.01°

4.63+0.01¢ —-0.18+0.02*

—-0.53+0.00°
—-0.63+0.01°
—0.80+0.01°
—0.92+0.01°

—0.18+0.01*
—0.05+0.01*
—0.07+0.01*
—0.15+£0.01*

—5.84+0.01°
—~5.59+0.01¢
-7.69+0.01"
—3.73+0.02¢

0.32+0.01*

0.17+0.01*
—-0.08+0.01°
—-0.79+0.01°
—-0.60+0.01¢

0.94+0.00°

0.10+0.01*

g

0.04+0.01°
—0.64+0.01°

3.73+0.01°

0.24+0.01°
—0.51+0.02¢

1.02+0.01°  2.64+0.01¢ 15.40+0.01 ¢

0.65+0.01°

12.86+0.01"
16.03+0.011

3.59+0.01°

—0.12+0.01°

17.38+0.01™

2.79+0.01¢

0.21+0.01°

1.14+0.01°

Different letters mark significantly different (p <0.05, Tukey’s HSD test) homogenous groups

showed lowering fluorescence intensities of protochloro-
phylls and protopheophytins. Changes in L*, a* and b* val-
ues obtained for pumpkin oil stored at different temperatures
showed a similar trend towards modifications in fluorescence
band intensities.

With regard to safflower oil stored at 2 °C and 20 °C, the
initial values of colour parameters only slightly changed.
Measurements of the a* value showed insignificant differ-
ences in the case of samples stored at 2 °C and an increas-
ing proportion of the green component in the colour of
oil stored at 20 °C. Colour analysis of oil stored at 40 °C
showed a decrease in the lightness parameter and increases
in yellow and red components when compared with the oil
at the beginning of the experiment (Table 3). Changes in
the amount and type of colouring seen on the fluorescence
spectra (Fig. 2) are also present in the results of colour meas-
urements. Colour difference (AE), calculated according to
Eq. 4, only in the case of safflower oil stored at 2+ 1 °C and
at 20+ 1 °C in the initial period, did not exceed the value
of 2, related to the limit of the colour difference perception
by an untrained observer. However, this oil from the begin-
ning of storage at 40+ 1 °C had totally changed colour in
comparison to the initial one. Pumpkin oil stored even at the
lowest of investigated temperatures changed its colour after
2 weeks, which is probably caused by the transformation of
protochlorophylls and protopheophytins [21].

In order to find the best linear models for the observed AE
changes and to explain the influence of storage-induced pro-
cesses on colour of the investigated oils regression analysis
(Table 4) was conducted. According to the obtained regres-
sion model, changes in colour of pumpkin seed oil result
from storage time and temperature influence as well as the
rate of hydrolytic and oxidative processes, which lead to
the formation of secondary products reacting with p-anisi-
dine. When analysing the values of the following regression
parameters, it can be stated that an increase of all of them
resulted in greater change in colour, with the strongest influ-
ence of storage time and TOTOX value.

On the other hand, the regression model obtained for saf-
flower oil showed the influence of both hydrolytic changes
and the pathway of the secondary oxidation process deter-
mined by TOTOX and TBARS. The strongest positive influ-
ence was observed for the acid value, whereas the coefficient
b3 associated with TBARS had a negative value, indicating
that an increase of this factor should not cause a distinct
change in colour. Similar absolute standardized values of
coefficients b2 and b3 suggest the competing nature of pri-
mary oxidation products’ reactions towards formation of dif-
ferent types of secondary products, seen in the results of oil
quality indicators’ analyses. They interact with carotenoids,
tocopherols and chlorophylls present in the investigated oils,
causing the change of colour and influencing the different
extent of oxidative stability.
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Table 4 Regression models of colour changes during storage obtained for pumpkin and safflower oils

Model: AE=a+bl-T+b2-ST+b3-AV +b4-TOTOX

Analysis of variance for regression

Variable Coefficient Value Standard error p value Standardized
Value Error
Pumpkin seed oil
a —17.0311 1.5758 0.0000 SSM =683.5066
T bl 0.0480 0.0161 0.0043 0.1953 0.0656  SSE=146.1511
ST b2 06936  0.1176 0.0000 04940 00838 =678l
p-value =0.000000
AV b3 1.6169 0.5448 0.0044 0.2549 0.0859 R2=0.8238
TOTOX b4 0.1886 0.0298 0.0000 0.3861 0.0611 Adjusted R>=0.8117
see=1.5874
Model: AE=a+bl-AV +b2-TOTOX + b3-TBARS Analysis of variance for regression
Variable Coefficient Value Standard error p-value Standardized
Value Error
Safflower oil SSM =3195.042
a 127676  1.4886 0.0000 SSE=991.281
AV bl 6.8447 0.5992 0.0000 0.8151 0.0714 F=63.39
p-value =0.000000
TOTOX b2 0.1550 0.0381 0.0001 0.4503 0.1106 R2=0.7632
TBARS b3 —2.1853 0.7208 0.0036 —0.3466 0.1143 Adjusted R>=0.7512
see=4.0989

Other acronyms have the normal meaning

Standardized values indicated which variables play a key role in the model

AE differences between colours, T storage temperature, S7 storage time

Conclusion

Cold-pressed oils are considered relatively resistant to oxi-
dative processes, particularly because of the presence of
bioactive compounds. However, these oils differ in their
storage stability. Pumpkin oil, in contrast to safflower one,
maintained high quality over the whole investigated period
of time. Differences in stability of both oils were seen in
their activation energy of oxidation as well as in calculated
oxidizability value (COX) strongly related to fatty acid com-
position. Moreover, the presence of bioactive substances,
like chlorophyls and carotenoids influenced on the rates of
oxidative processes occurring during storage of the inves-
tigated oils.

Analysis of the fluorescence spectra of pumpkin and saf-
flower oils, stored at three different temperatures, enabled
determination of the extent of changes in pigments present in
these oils and claimed the direction and range of the oxida-
tive changes of lipids. Results of spectrofluorometric analy-
sis agree with those of the measurements of CIE L*a*b*
coordinates. In addition, the obtained regression models
and results of PCA analysis made it possible to determine
the distinct factors affecting oil quality, such as time and
temperature of storage, which accelerated oxidative changes
causing transformation of carotenoids and chlorophylls.

Acknowledgments The authors would like to thank Stanistaw Zigba
for statistical analysis and valuable discussion of results.

Funding This research was financed by the Ministry of Science and
Higher Education of the Republic of Poland.

Compliance with ethical standards
Conflict of interest The authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer



1222

J.Banas et al.

References

1.

10.

11.

12.

13.

A. Nawirska-Olszanska, A. Kita, A. Biesiada, A.Z. Sokoét-
Letowska, Kucharska. Food Chem. (2013). https://doi.
org/10.1016/j.foodchem.2013.02.009

T. Tsiaka, D.C. Christodouleas, A.C. Calokerinos, Food Res. Int.
(2013). https://doi.org/10.1016/j.foodres.2013.08.036

L. Rezig, M. Chouaibi, K. Msaada, S. Hamdi, Ind. Crops Prod.
(2012). https://doi.org/10.1016/j.indcrop.2011.12.004

S. Nederal, M. Petrovié, D. Vincek, D. Pukec, D. §kevin, K.
Kralji¢, M. Obranovié, Ind. Crops Prod. (2014). https://doi.
org/10.1016/j.indcrop.2014.05.044

V. Emongor, Asian J. Plant Sci. (2010). https://doi.org/10.3923/
ajps.2010.299.306

F. Salaberria, D. Constenla, A.A. Carelli, M.E. Carrin, J. Am. Oil
Chem. Soc. (2016). https://doi.org/10.1007/s11746-016-2886-6

J. Sadecka, J. Tothova, Czech J. Food Sci. (2007). https://doi.
org/10.17221/687-CJFS

Official methods and recommended practices of the AOCS.
(AOCS Press, Champaign, 2004)

J. Pikul, D.E. Leszczynski, F.A. Kummerow, J. Agric. Food
Chem. (1989). https://doi.org/10.1021/jf00089a022

A. Siger, K. Dwiecki, W. Borzyszkowski, M. Turski, M.
Rudziriska, M. Nogala-Katucka, Food Chem. (2017). https://doi.
org/10.1016/j.foodchem.2017.01.022

A. Veberg, G. Vogt, J.P. Wold, LWT Food Sci. Technol. (2006).
https://doi.org/10.1016/j.1wt.2005.03.009

H.M.G. Stokman, T. Gevers, J.J. Koenderink, Comput. Vis. Image
Underst. (2000). https://doi.org/10.1006/cviu.2000.0860

S.M.B. Hashemi, A.M. Khaneghah, M. Koubaa, J. Lopez-
Cervantes, S.H.A. Yousefabad, S.F. Hosseini, M. Karimi, A.
Motazedian, S. Asadifard, Food Res. Int. (2017). https://doi.
org/10.1016/j.foodres.2016.11.033

@ Springer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

A.A. Mariod, S.Y. Ahmed, S.I. Abdelwahab, S.F. Cheng, A.M.
Eltom, S.O. Yagoub, S.W. Gouk, Int. J. Food Sci. Technol. (2012).
https://doi.org/10.1111/j.1365-2621.2012.03028.x

P. Gérnas, A. Siger, K. Juhnevica, G. Lacis, E. Sne, D. Seg-
lina, Eur. J. Lipid Sci. Technol. (2014). https://doi.org/10.1002/
¢j1t.201300425

S. Franke, K. Frohlich, S. Werner, V. Bohm, F. Schone, Eur. J.
Lipid Sci. Technol. (2010). https://doi.org/10.1002/ej1t.200900251
X. Liu, N. Hoshino, S. Wang, E. Masui, J. Chen, H. Zhang, Eur.
J. Lipid Sci. Technol. (2018). https://doi.org/10.1002/ej1t.20170
0528

A. Lai, E. Santangelo, G.P. Soressi, R. Fantoni, Postharvest
Biol. Technol. (2007). https://doi.org/10.1016/j.postharvbi
0.2006.09.016

E. Sikorska, 1.V. Khmelinskii, M. Sikorski, F. Caponio, M.T.
Bilancia, A. Pasqualone, T. Gomes, Int. J. Food Sci. Technol.
(2008). https://doi.org/10.1111/j.1365-2621.2006.01384.x

N. Mukaida, N. Kawai, Y. Onoue, Y. Nishikawa, Anal. Sci. (1993).
https://doi.org/10.2116/analsci.9.625

E. Naziri, M.N. Mitic, M.Z. Tsimidou, Eur. J. Lipid Sci. Technol.
(2016). https://doi.org/10.1002/ej1t.20150026 1

N. Tena, D.L. Garcia-Gonzalez, R. Aparicio, J. Agric. Food
Chem. (2009). https://doi.org/10.1021/j£902009b

T.P. Labuza, An integrated approach to food chemistry: illustra-
tive cases, in Food Chemistry, Second edn., ed. by O.R. Fennema
(Marcel Dekker, Inc., New York, 1985), pp. 913-938

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.foodchem.2013.02.009
https://doi.org/10.1016/j.foodchem.2013.02.009
https://doi.org/10.1016/j.foodres.2013.08.036
https://doi.org/10.1016/j.indcrop.2011.12.004
https://doi.org/10.1016/j.indcrop.2014.05.044
https://doi.org/10.1016/j.indcrop.2014.05.044
https://doi.org/10.3923/ajps.2010.299.306
https://doi.org/10.3923/ajps.2010.299.306
https://doi.org/10.1007/s11746-016-2886-6
https://doi.org/10.17221/687-CJFS
https://doi.org/10.17221/687-CJFS
https://doi.org/10.1021/jf00089a022
https://doi.org/10.1016/j.foodchem.2017.01.022
https://doi.org/10.1016/j.foodchem.2017.01.022
https://doi.org/10.1016/j.lwt.2005.03.009
https://doi.org/10.1006/cviu.2000.0860
https://doi.org/10.1016/j.foodres.2016.11.033
https://doi.org/10.1016/j.foodres.2016.11.033
https://doi.org/10.1111/j.1365-2621.2012.03028.x
https://doi.org/10.1002/ejlt.201300425
https://doi.org/10.1002/ejlt.201300425
https://doi.org/10.1002/ejlt.200900251
https://doi.org/10.1002/ejlt.201700528
https://doi.org/10.1002/ejlt.201700528
https://doi.org/10.1016/j.postharvbio.2006.09.016
https://doi.org/10.1016/j.postharvbio.2006.09.016
https://doi.org/10.1111/j.1365-2621.2006.01384.x
https://doi.org/10.2116/analsci.9.625
https://doi.org/10.1002/ejlt.201500261
https://doi.org/10.1021/jf902009b

	Temperature-induced storage quality changes in pumpkin and safflower cold-pressed oils
	Abstract
	Introduction
	Materials and methods
	Oil quality indicators
	Fatty acid composition
	Fluorescence spectra
	CIE L*a*b* coordinates
	Spectrophotometric determination of carotenoid and chlorophyll contents
	Statistical analysis

	Results and discussion
	Conclusion
	Acknowledgments 
	References




