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Contribution of Phospholipid Pyrrolization to the Color
Reversion Produced during Deodorization of Poorly Degummed
Vegetable Oils

RosARrIo ZaMORA, CARMEN OLMO, JosE L. NAVARRO, AND
FrANCISCO J. HDALGO*

Instituto de la Grasa, CSIC, Avenida Padre Garcia Tejero 4, 41012 Seville, Spain

The Ehrlich reaction was optimized to determine the formation of pyrrolized phospholipids in edible
oils in an attempt to understand the color reversion produced during the deodorization of poorly
degummed edible oils. The procedure consisted of the treatment of the oil with p-(dimethylamino)-
benzaldehyde in tetrahydrofuran/2-propanol at a controlled acidity and temperature and the
spectrophotometric determination of adducts produced. The extinction coefficient of Ehrlich adducts
was calculated by using 1-[1-(2-hydroxyethyl)-1H-pyrrol-2-yl]propan-1-ol (1) as a standard and was
15 300 M~t cm~1. The response was linear and reproducible within the range of 0.334—48.6 uM of
compound 1. When the assay was applied to a soybean oil treated with 100—1000 ppm of
phosphatidylethanolamine and submitted to deodorization, the formation of pyrrolized phospholipids
was observed at the same time that the disappearance of the phospholipid and the oil darkening
were produced. The main changes were observed during the first steps of the deodorization process,
when the oil was heated between 80 and 160 °C. During the initial heating of the oil until achieving
200 °C, oil darkening, phosphatidylethanolamine disappearance, and pyrrolized phospholipid formation
were correlated, therefore suggesting a contribution of phospholipid pyrrolization to the oil darkening
produced.

KEYWORDS: Carbonyl-amine reactions; nonenzymatic browning; oil degumming; oil deodorization; oil
refining; phospholipid analysis; phospholipid modification; pyrrole derivatives; pyrrole polymerization

INTRODUCTION presence of other compounds (e.g., proteins, antioxidants, etc.),
oxidative reactions are usually finished by reactions with
compounds other than those originating from oxidation of the
lipid substrate, and this can influence reaction rates and produce
significant consequences in the color, flavor, and texture of

The stability and final quality of edible vegetable oils and
their byproducts are determined by the residual presence of
certain minor compounds such as phospholipids, which provide
ggr?git:gazr?fg; nDZl:g;ttkt\zedgg;?fr):r:lior:g I:)rr%(éeezzl,np?hggp?hztlﬁ)riﬁge foopls. Particularly, th_e reactiop of Iip!d oxidation prqducts with
are eliminated by thermal treatment with water (hydratable amino groups of amines, amino acids, af‘d proteins has long
phospholipids) and other degumming agents such as phosphori@ee,n related t(,) the browning observed in many fatty'foods
acid, citric acid, or acid mixtures (nonhydratable phospholipids). during processing and storage (9—11), and these reactions are
The presence of these nonhydratable phospholipids in the oil &S0 Produced in amino phospholipids by reaction of lipid
may reduce the efficiency of degumming and cause neutral oil ©Xidation products with the primary amino group of phosphati-
loss. In addition, oil residual phospholipids will contribute to dYlethanolamine or phosphatidylserine. A recent study has found
off-flavors and colors in the refined oK. Although these  that the nonenzymatic browning produced during phospholipid
consequences are usually avoided by proper oil processing, thedxidation is, at least partially, a consequence of amino-carbonyl
mechanisms by which they are produced are not clearly reactions that produce hydroxyalkylpyrroles (I), among other
understood at present. pyrroles, in a first step. The later polymerization of these

The role of phospholipids, or other lipids, in nonenzymatic ntermediates is responsible for the browning and fluorescence
browning reactions is a consequence of their ability to be produced in these reactioris]. These reactions are summarized
oxidized 6, 6). Although lipid oxidation products may polymer- N Scheme 1.

ize to produce brown-colored oxypolymerg, (8), in the Oil deodorization decomposes peroxides and some color
pigments, removes the constituents responsible for off-odors and
*To whom correspondence should be addressed. ¥¢B4)954 611 -flavors, and reduces_ the free fatty aC|d_ 0_'0W”_t° &02)3%
550. Fax: +(34)954 616 790. E-mail: fhidalgo@ig.csic.es. (13). When phospholipids are present, lipid oxidation products
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Scheme 1. Formation of Pyrolized Phospholipids by Reaction of Compound 1 Determination with p-(Dimethylamino)benzalde-
Amino Phospholipids with 4,5(E)-Epoxy-2(E)-heptenal® hyde. Compoundl was added to a solution of refined soybean or olive
o oil (15 g) in tetrahydrofuran (total volume 25 mL). This solution (370
.0 OR? uL) was introduced into a microreaction vessel and treated with 700
R\WJ\H OHNT N uL of 0.1 N HCl in 2-propanol and 170L of the Ehrlich reagent (the
final concentration of compountiwas 0.334—48.&M), the cap was
rapidly replaced, and the solution was incubated at®®or 30 min.
The absorbance of the maximum -ab612 nm was measured in the
next 6 h.

Determination of Pyrrolized Phospholipids during Deodorization
of Poorly Degummed Oils.Phosphatidylethanolamine was added to
refined soybean oil at two concentrations (100 and 1000 ppm, which
corresponded to 4.2 and 41.9 ppm of phosphorus, respectively) and
deodorized under vacuum (1 mm) at 250 for 4 h. At different
intervals of time, samples were withdrawn and analyzed for color,
phosphatidylethanolamine, and pyrrole contents.

The color was determined spectrophotometrically employing a
Shimadzu UV-2401 PC U¥vis spectrophotometer. Color differences
(AE) between control (untreated oil) and deodorized oils at the different
time periods were calculated from the determined CIELIAB a*,
andb* values according to Hunter (16):

AE = [(AL*)? + (Aa¥)” + (Ab¥)7?
OR?

OR? OR?
(m The yellowness index (YI) was determined according to Francis and
Clydesdale (17):

aRjs an alkyl group, and R? is the phospholipid without the alcohol moiety.
1-{1-(2-Hydroxyethyl)-1H-pyrrol-2-ylJpropan-1-ol (1) is | with R = ethyl, R? =
H.[ (2-Hydroxyethyl)-1H-pyrrol-2-yllprop ] y VI = 142.86b*/L*

formed during peroxide decomposition might react with a  Phosphatidylethanolamine was determined by high-performance
phospholipid amino group and contribute to the oil darkening liquid chromatography (HPLC) after solid phase extraction (SPE) of
observed. Because phospholipid darkening is nowadays believedhe Phospholipids. The SPE methodology was described by Carelli et
to be a consequence, at least partially, of pyrrole formation and & gl_s) ar(;d was slightly mOd'f'e.dH ;he Ld'o'f phaf]e c?rtgdgel_ W?S
polymerization, the first objective of this study was to develop gmrg'fg?ri ar;]réjoz ;?]Leé]frﬁgg;gew#the oi:n(l g) ?oer:taai\::ion g 0 E:T]mgoof
a procedure to quantitatively determine pyrrolized phospholipids i ' ! X

. . . . e soybean phosphatidylcholine, which was added as an internal standard,
in edible oils so that the formation of these derivatives may be \yas dissolved in 23@L of chloroform and introduced in the column.

determined along with the deodorization process. A large percentage of the triacylglycerols was released from the sorbent
Pyrroles have been traditionally determined in a qualitative bed by passing 2.5 mL of chloroform through it. The phospholipids
or semiquantitative extent by the Ehrlich reagent, a procedure were recovered by elution with 7 mL of methanol that contained 0.5
that consists of their treatment witl(dimethylamino)benz- mL/100 mL of a 25% ammonia solution. The eluate was collected into
aldehyde under acidic conditions. This procedure was optimized a conical vial, evaporated to dryness under nitrogen, and dissolved in
to quantitatively determine pyrrolized proteins produced as a 200uL of chloroform—methanol (2:1). This phospholipid fraction was
consequence of lipid peroxidation and oxidative streisg).(  anayzed by HPLC. _ .
However, this procedure is not applicable as such to pyrrolized The HPLC system consisted of a 126 Programmable Delivery

h holipids b f the diff in th lubiliti f Module and a 168 Diode Array Detector Module (Beckman). Data
phospholipids because of the diiferences in the solubilities o acquisition and processing were effected with Software System Gold

both phospholipids and proteins. The present study has ré-g o version (Beckman). The separations were carried out on a
investigated the Ehrlich reaction to quantitatively determine the | jchrospher 100 Nk (5 xum) 25 cm x 0.4 cm column using
presence of pyrrolized phospholipids in edible oils. In addition, acetonitrile-methanot-wateracetic acid-ammonia (630:350:15:0.3:
the developed procedure has been applied to the study of thel.3) as the eluent. The flow rate was 1 mL/min, and the phospholipids

deodorization of poorly degummed vegetable oils. were detected at 205 nm.
The pyrrolized phospholipids were determined directly by using up
EXPERIMENTAL PROCEDURES to 600 mg of the oil, which was diluted with tetrahydrofuran (maximum

total volume 1 mL). This solution was treated with 700 of 0.1 N

Materials. 1-[1-(2-Hydroxyethyl)-1H-pyrrol-2-yl]propan-1-ol (1)  HCI in 2-propanol and 17Q:L of the Ehrlich reagent and rapidly
was prepared as described previoudig)( Soybean phosphatidyletha-  incubated at 60C for 30 min. The absorbance of the maximum at
nolamine was isolated from soybean lecithin by column chromatography ~512 nm was measured.
on silicic acid/Celite (2:1) using chloroform/methanol (3:1) as the eluent  Statistical Analysis.All determinations are expressed as mean values
(12). Refined olive and soybean oils were obtained from the Institute’s + standard deviations (SD) of three independent experiments. Statistical
Pilot Plant (Instituto de la Grasa, CSIC, Seville, Spain) and further comparisons among different groups were made using analysis of
deodorized in our laboratory under vacuum (1 mm) at 250or 4 h variance. When significarf values were obtained, group differences
using a laboratory-scale apparatus described previously by Dobarganesvere evaluated by the Studerlewman-Keuls test £9). All statistical
et al. (L5). A solution of 0.1 N HCl in 2-propanol was obtained from  procedures were carried out using Primer of Biostatistics: The Program
Merck KGaA (Darmstadt, Germany). Other reagents and solvents were (McGraw-Hill, Inc., New York). The significance level ig < 0.05
of analytical grade and were purchased from reliable commercial unless otherwise indicated.
sources.

Preparation of the Ehrlich Reagent.The reagent was prepared by  resuLTS
dissolving 200 mg op-(dimethylamino)benzaldehyde in 10 mL of 0.1
N HCI in 2-propanol. The resulting solution was stable &C4for at Reaction of 1-[1-(2-Hydroxyethyl)-1H-pyrrol-2-yl]propan-
least 1 month. 1-ol (1) with p-(Dimethylamino)benzaldehyde Although the
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Figure 1. Absorbance spectra of Ehrlich adducts of (A) 1-[1-(2-
hydroxyethyl)-1H-pyrrol-2-ylJpropan-1-ol (1) in soybean oil, (B) a soybean 0.6 ?
oil treated with 1000 ppm of phosphatidylethanolamine and heated under 7 77 W77
vacuum at 160 °C, and (C) a soybean oil treated with 100 ppm of 10 30 45 60
phosphatidylethanolamine and heated under vacuum at 160 °C. [ncubation time (min)

Figure 2. Effect of the temperature and the incubation time on the
absorbance of the adduct produced with 1-[1-(2-hydroxyethyl)-1H-pyrrol-
2-yllpropan-1-ol (1) in 0.07 M HCI. Temperatures tested as follows: 30
(stripped bars), 45 (open bars), and 60 (crosshatched bars) °C. (A)
Samples measured after incubation, (B) incubated samples measured
after 2 h at room temperature, and (C) incubated samples measured after
6 h at room temperature. Values are means + SD for three experiments.

presence of a high amount of vegetable oil considerably
complicated the quantification of the present pyrroles, it was
possible to directly determine pyrrolized phospholipids in a
gquantitative way by employing the appropriate solvents and
incubation conditions. Compouridvas employed as a standard
because it is the major product of the reaction between the
ethanolamine and the lipid peroxidation product E)5¢poxy-

i c c
2(E)-heptenal (12). Analogously to other pyrrole derivatives, E 0.9 % & <
compoundL reacted withp-(dimethylamino)benzaldehyde under 3 ]
acidic conditions to produce a colored derivativg(re 1A). ® 0.6
A mixture of tetrahydrofuran and 2-propanol resulted in the most 3 1
convenient solvent for obtaining homogeneous solutions with & 0.37
stable colors. § 12

The wavelength of the obtained maximum as well as the £ 001 e g T . T
stability of the color were dependent on the temperature and < 0.02 0.04 0.08
the pH.Figure 2A shows the absorbance at the maximum at HCl concentration (M)
~512 nm obtained for the adduct of compourd with Figure 3. Effect of HCI concentration on the absorbance of the adduct

p-(dimethylamino)benzaldehyde in the presence of soybean oil produced with 1-[1-(2-hydroxyethyl)-1H-pyrrol-2-ylJpropan-1-ol (1). The

at three temperatures (30, 45, and°€) and as a function of ~ samples were incubated during 30 min at 60 °C. Values are means +

the incubation time. As observed in the figure, an increase in SD for three experiments. Means with different letters are significantly

the incubation temperature increased the intensity of the different (p < 0.05).

produced color. The maximum assayed temperature wa€ 60

to avoid losses of the solvent. In addition, the intensity of the pH on the intensity of the absorption maximum. A HCI

obtained colors increased with the incubation time until a stable concentration of 0.054—0.07 mM produced the highest intense

color was obtained. Thus, the most intense colors were obtainedcolors. These colors decreased slightly in the range of 6:038

after 60 min at 30°C, 45 min at 45°C, and 30 min at 60C. 0.054 mM (the intensity of the color obtained using 0.038 mM
Figure 2B,C shows the absorbances determined in the HClwas 4% lower than that obtained with 0.07 mM) and almost

incubated samples after maintaining them for 2 and 6 h, disappeared at lower HCI concentrations. Therefore, the incuba-

respectively, at room temperature. The stability of the colors tion should be done at a HCI concentration near to 0.07 mM,

also depended on the incubation temperature. Thus, the intensityalthough it could be lower if a high amount of oil has to be

of the absorption maximum of the adduct formed at*@0for introduced in the assay. Thus, by using 600 mg of the oil diluted

less than 60 min decreased about 12% after 6 h; the color ofto 1 mL with tetrahydrofuran and adding 700 of 0.1 N HCI

the adduct formed at 4% decreased about 5% after 6 h; and in 2-propanol and 17Q:.L of the Ehrlich reagent, the HCI

the intensity of the color produced at 80 after incubation for concentration employed is 0.047 mM. By using these reaction

more than 10 min remained unchanged after 2 h and decreasedonditions, the intensity of the color of the obtained adducts

only 2% after 6 h. Therefore, the most intense and stable colorswas only 2% lower than those obtained when employing 0.07

were obtained by incubating the samples at’60for at least mM HCI. A higher amount of oil would decrease the HCI

30 min. concentration too much in the assay and should be avoided.
The pH of the incubation media was also very important to  Assay Validation. The calibration curve of compouridwas

obtain intense and stable coloFgure 3 shows the effect of obtained from 12 independent experiments carried out on four
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Figure 4. Color changes produced in a soybean oil with 100 (O) and ppm of phosphatidylethanolamine, respectively), and these
1000 (O) ppm of phosphatidylethanolamine added as a function of the correlations were higher & 0.98,p < 0.0001 and = 0.9998,
deodorization temperature. The oil was heated under vacuum until p < 0.0001, for 100 and 1000 ppm of phosphatidylethanolamine,
achieving 250 °C and then heated for (a) 1, (b) 2, (c) 3, and (d) 4 h at respectively) if only the values determined during the heating
250 °C. The color of a control oil with no phosphatidylethanolamine added until 200 °C were considered.
is marked as w. The nonheated oil with the phospholipid added is marked Both AE and YI data indicated that the main color changes
as n. Both (A) color difference (AE) with the control oil without phospholipid were produced at the beginning of the deodorization process
added and (B) YI were determined. Values are means + SD for three when the oil was heated under vacuum until achieving its
experiments. Means with different letters are significantly different (p < deodorization temperature. Present peroxides are likely to be
0.05). Letters in italics correspond to the deodorization with 1000 ppm of decomposed in this step; therefore, their decomposition products
the phospholipid. might react with the free amino groups of phospholipids to
produce the brown pigments. A further heating of the oils
different days. The absorbance at the maximum-812 nm usually produced clearer oils, which could become darker after
was directly proportional to the concentration of compodnd  several hours of deodorization.
(r = 0.999,p < 0.0001) in the range of 0.33448.6 uM, and Oil darkening was parallel to the disappearance of the added

the extinction coefficient obtained for the adduct of compound phosphatidylethanolamine. Phosphatidylethanolamine was con-
1 was 15300 M! cm™L. The coefficients of variation (cv)  verted during deodorization into other derivatives, which were
obtained within this range were lower than 12%. Although detected by HPLC but not yet identified (data not shown).
compoundl could be detected at lower concentrations than Figure 5 shows the phosphatidylethanolamine content in the
0.334 uM, the variability in absorbance was considered un- oil along with the deodorization process at the two concentra-
acceptable (cv 15%), and a concentration of 08V was tions assayed: 100 and 1000 ppm. The phosphatidylethanol-
considered the practical lower limit of quantification. amine content remained unchanged at a temperature lower than
Determination of Pyrrolized Phospholipids during De- 80—100°C and then decreased rapidly until disappearing at
odorization of Poorly Degummed Oils.When a soybean oil  about 160°C. This disappearance was correlated with the color
containing phosphatidylethanolamine was submitted to deodor-changes produced during the heating of the oil until 20Qr
ization, the oil became darker at the same time that the = —0.98,p < 0.0001 and = —0.99,p < 0.0001, forAE and
disappearance of phosphatidylethanolamine and the appearanc¥l, respectively, in an oil treated with 100 ppm of phosphati-
of pyrrolized phospholipids were observdegure 4A shows dylethanolamine, and = —0.95,p < 0.0001 and = —0.95,
the AE observed in the oil during the deodorization at the two p < 0.0001, forAE and Y], respectively, in an oil treated with
concentrations of phosphatidylethanolamine assayed (100 andLO00 ppm of phosphatidylethanolamine).
1000 ppm). The color remained unchanged if the oil was heated Both oil darkening and phosphatidylethanolamine disappear-
under vacuum at a temperature below°& However, when ance were also parallel to the appearance of pyrroles in the oil.
the temperature was increased over°8) AE increased as a  Figure 1B,C shows the spectra of the Ehrlich adducts produced
function of the temperature until achieving the maximum at in an oil treated with 1000 and 100 ppm, respectively, of
about 146-200°C, when phosphatidylethanolamine was added phosphatidylethanolamine and heated at AB@inder vacuum.
at 100 ppm, and 160—20W when phosphatidylethanolamine These spectra were analogous to the spectrum of the adduct of
was added at 1000 ppm. A further increase in the deodorizationcompoundl (Figure 1A). Figure 6 shows the temperature
temperature or time did not produce a high®E. On the course of pyrrole formation in the oil. Analogously to olil
contrary, AE values decreased afterward and only a slight darkening and phosphatidylethanolamine disappearance, pyrrole
increase was observed at the end of the deodorization processformation also occurred during the first steps of the heating
These color differences were a consequence of the browningprocess of the oil, and there was a correlation between
of the oil, which could be easily followed by determining its pyrrolization, oil darkening and phosphatidylethanolamine
YI. Figure 4B shows the Y1 of the oil during the deodorization content during the heating of the oil until 20C (r = 0.67,p
process for the oil treated with 100 and 1000 ppm of phos- = 0.032;r = 0.66,p = 0.038; and = —0.66,p = 0.054, for
phatidylethanolamine. The YI followed a behavior very similar AE, YI, and phosphatidylethanolamine content, respectively, in
to AE; in fact, both determinations were correlated=0.75, an oil treated with 100 ppm of phosphatidylethanolamine, and
p = 0.00077 and = 0.9998,p < 0.0001, for 100 and 1000 r = 0.93,p = 0.00018;y = 0.93,p = 0.00013; ana = —0.97,
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Figure 6. Pyrrolized phospholipid content in a soybean oil with 100 (O)
and 1000 (O) ppm of phosphatidylethanolamine added as a function of
the deodorization temperature. The oil was heated under vacuum until
achieving 250 °C and then heated for (a) 1, (b) 2, (c) 3, and (d) 4 h at
250 °C. The pyrrolized phospholipid content of a control oil with no
phosphatidylethanolamine added is marked as w. The nonheated oil with
the phospholipid added is marked as n. Values are means + SD for
three experiments. Means with different letters are significantly different
(p < 0.05). Letters in italics correspond to the deodorization with 1000
ppm of the phospholipid.
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p < 0.0001, forAE, YI, and phosphatidylethanolamine content,
respectively, in an oil treated with 1000 ppm of phosphatidyl-
ethanolamine). A further heating of the oil increased the pyrrole

content determined, but this did not produce an increase in the

oil color.

DISCUSSION

The importance of degumming for an appropriate oil refining
has long been knowrBf. However, the mechanisms by which
phospholipids are implicated in oil darkening are still poorly

understood. The above results point out to nonenzymatic

browning reactions as responsible, at least partially, for this oil
darkening.

Zamora et al.

context, dehydrogenations, which extend the conjugation and
therefore play a role in the color, have been described during
the polymerization process at room temperat@4),(but it is

not yet known if the temperature may modify these processes.

Additional studies are also needed to analyze the presence
of pyrrolized phospholipids in crude oils. Pyrrolized phospho-
lipids can be produced during the processing or storage of the
seeds, and these compounds might affect the efficiency of the
degumming process. The procedure described in the present
paper may be useful in these studies.
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