
Sir:

In a recent paper (1) we studied the kinetic extraction of
phospholipids present in crude sunflower oils, such as phos-
phatidylcholine (PC), phosphatidylethanolamine (PE), phos-
phatidylinositol (PI), phosphatidylserine (PS) and phospha-
tidic acid (PA), for monitoring the efficiency of the degum-
ming process under conditions used by the oil industry. We
have now extended this study, investigating the effect of dif-
ferent variables related mainly to the acid refining step (type
and concentration of degumming agents, temperature and
contact time), in accordance with technological requirements.
Diverse degumming agents [phosphoric acid, citric acid, and
acid mixtures (phosphoric/citric acids, 50:50), all used in a
2.5% ratio (degumming agent/oil) at a concentration of 8, 10,
and 13%], temperatures (60, 70, and 80°C), contact times
(5–35 min with moderate agitation) were used. With the
methodology described in Reference 1, the high-performance
liquid chromatography–evaporative light scattering detection
profiles and the residual phosphorus content were determined,
applying the statistical analysis of data (2). The residual total
phospholipid content in supernatant oils degummed at
60°C/0% measured the least at 35 min for citric and phos-
phoric acid and at 25 min for the acid mixture (P < 0.05). At
70°C/10%, citric acid exhibited a notable superiority as a
degumming agent, with the lowest total phospholipid content
at 25 min (P < 0.05); similar results were obtained at 35 min
for the acid mixture and for phosphoric acid. The lowest re-
maining phospholipid content was observed at 35 (acid mix-
ture) and 15 min (citric and phosphoric acid) at 80°C/10%. In
the phosphoric acid treatment, the residual content was
greater (P < 0.05) than with the other agents assayed (Fig. 1).

For the acid mixture, at 60 and 70°C and 10% degumming
agent we registered a rapid elimination of the remnant con-
tent of PC, PA, and PS, followed by PI. PE was the most dif-
ficult compound to remove. At 80°C, a rapid decrease in the
contents of PC, PA and PI was detected; PE was extracted
more slowly (data not shown).

The effect of degumming agent at 8%, 70°C presented the
least efficient treatment in the case of phosphoric acid; citric
acid and the acid mixture were more effective (Fig. 2A). PE,
PI, and PS were the most difficult compounds to remove. Fig-
ure 2B shows the differential behavior for the treatment with
phosphoric acid.

At 13%, lowest total phospholipid content was achieved at
25 min for citric acid and for acid mixture; equivalent levels
in 15 min with phosphoric acid (P < 0.05) (Fig. 3A). Also, we
registered the lowest remnant amount of PE at 25 min, fol-

lowed by PI and PS (Fig. 3B). For citric acid, in all cases, the
evolution of total phospholipid content was in agreement with
the residual phosphorous content profiles.
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FIG. 1. Kinetic evolution of the total phospholipid (PL) content in acid-
degummed oils, 2.5% ratio (degumming agent/oil). � = phosphoric
acid, 10%; � = citric acid, 10%; � = acid mixture, 10% (phosphoric
acid/citric acid, 50:50). Total PL content (%) = total PL content referred
to t = 0 min. (A) T = 60°C, (B) T = 70°C, (C) T = 80°C.



The optimal conditions for degumming with phosphoric
acid were 60–70°C, 35 min (removal: 70–75%); for citric acid,
70°C–25 min, and for acid mixtures (77%), 60°C–25 min (P <
0.05). The increase from 70 to 80ºC did not represent an ad-
vantage when 10% citric acid was used. Similar effects were
registered with an increase up to 13%. The best extraction lev-
els were: citric acid 10%; phosphoric acid 10%; acid mixture
8% (P < 0.05). Citric acid would be a good alternative compat-
ible with the environment. This information provides a good
approach for the improvement of the degumming process.
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FIG. 2. (A) Kinetic evolution of the total PL content in acid degummed
oils, 2.5% ratio (degumming agent 8%/oil). � = phosphoric acid; � =
citric acid; � = acid mixture (phosphoric acid/citric acid, 50:50). Total PL
content (%) = total PL content referred to t = 0 min. (B) Kinetic evolution
of the PL content in acid degummed oils 2.5% ratio (degumming
agent/oil), T = 70°C, phosphoric acid 8%. � = phosphatidylcholine (PC);
� = phosphatidic acid (PA); � = phosphatidylserine (PS); � = phos-
phatidylethanolamine (PE); � = phosphatidylinositol (PI). Plotted values
are the mean of three determinations. See Figure 1 for other abbreviation.

FIG. 3. (A) Kinetic evolution of total PL content in acid degummed oils,
2.5% ratio (degumming agent 13%/oil) T = 70°C, � = PA; � = citric
acid; � = acid mixture (phosphoric acid/citric acid, 50:50). Total PL
content (%) = total PL content referred to t = 0 min. (B) Kinetic evolu-
tion of the PL content in acid degummed oils 2.5% ratio (degumming
agent/oil) T = 70°C, citric acid 13%. � = PC; � = PA; � = PS; � = PE;
� = PI. Plotted values are the mean of three determinations. For abbre-
viations see Figures 1 and 2.


