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ABSTRACT: Peanuts are harvested in late September, and
sometimes the harvest season can extend through most of Octo-
ber. When weather patterns delay harvest, the result may cause
an immature crop, curing problems, rain damage, and freeze
damage. All of the above stress situations can affect oil quality
and flavor of the peanuts by altering phosphalipid composition.
Such changes are related to refining problems as well as flavor
problems. A new high-performance liquid chromatography
(HPLC) method was used for the analysis of phospholipids from
postharvest stressed peanuts. The concentrations of phosphatidic
acid (PA), phosphatidylethanolamine (PE), and phosphatidy!-
choline (PC) were higher in immature seed when compared to
mature seed. A slight increase in concentration was observed for
phosphatidylglycerol (PG), and a decrease in phosphatidylinosi-
tol occurred in immature peanuts. All phospholipids increased
in concentration except PG when peanuts were cured at a high
temperature (40°C). When peanut seeds were frozen at —16°C
(before curing), a significant increase in concentration was ob-
served for PA and PG, whereas the concentrations of PC and PE
decreased to very low levels when compared to the control.
Where concentration permitted, molecular species were sepa-
rated on a reverse-phase column by HPLC.
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Preharvest and postharvest conditions affect the quality of
crude peanut oil and the overall quality of peanuts for edible
purposes. Heavy rains during the harvest season, exposure to
freezing temperatures, kernel immaturity at harvest, and dry-
ing at a higher-than-recommended temperature are the major
factors contributing to a low-quality raw product (1-3). En-
zymes, such as lipases and lipoxygenase, are activated during
these stress events and result in the breakdown of phospho-
lipids (4-7). Raw peanut oil usually has a high concentration
of phosphatidylcholine (PC), which contributes to the effi-
ciency of the degumming process during refining (4,5). A
critical concentration of PC is needed to ensure that a gum is
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formed for the removal of phospholipids. Changes in phos-
pholipid concentration may occur when peanuts are harvested
prematurely, cured at a high temperature, and/or exposed to
freezing temperatures. In many cases, the crude oil is unus-
able for edible purposes and becomes increasingly difficult to
refine. The degree of damage due to treatment was deter-
mined by high-performance liquid chromatography (HPLC)
analysis of the phospholipids after the peanuts were subjected
to different postharvest treatments without prior removal of
the triglyceride fraction. These data show that this new HPLC
method may be used to determine peanut oil quality prior to
refining.

MATERIALS AND METHODS

Materials. Peanuts (VA NC7) were grown at the NC State Ex-
periment Station (Lewiston, NC), and they were subjected to
four different postharvest conditions. The control sample was
dried to 6% moisture at ambient temperature. Immature
peanuts were hand-harvested in early August, and the per-
centage of immature kernels was determined to be 40% by
the hull scrape method (8). The immature sample also was
dried to 6% moisture at ambient temperature. A sample was
frozen at —20°C for 8 h. The internal peanut temperature was
monitored with a thermocouple and an Easy Logger Record-
ing System (Omnidata International, Logan, UT). The final
peanut internal temperature was —16°C. After freezing, the
peanuts were thawed and dried to 6% moisture at ambient
temperature. Another sample was cured at 40°C and dried to
6% moisture at ambient temperature. All samples were stored
in the shell at 45°C and 60% relative humidity. Peanuts were
not sized prior to treatment. Solvents used in lipid extraction
were reagent- and HPLC-grade (Fisher Scientific, Pittsburgh,
PA). Phospholipid standards were obtained from Sigma
Chemical Company (St. Louis, MO).

Lipid extraction. Lipids were extracted from peanuts with
chloroform/methanol (CHCl,;/MeOH, 2:1, vol/vol). A 50-g
sample was blended with 300 mL of CHC13/MeOH 2:1,
vol/vol) in a Sorvall blender (Ivan Sorvall, Inc., Norwalk, CT)
for 1 min. The slurry was suction-filtered through filter paper
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in a Buchner funnel. A saturated solution of NaCl was added
to the filtered solution in a separatory funnel, shaken, and al-
lowed to stand until phase separation occurred. The CHCl,
layer was saved, and the water layer was discarded. The sol-
vent layer was washed twice with saturated NaCl, and the
CHCI, was removed by flash evaporation. Extracted lipid ma-
terial was stored in a freezer at —20°C until analyzed.

HPLC of phospholipids. Peanut phospholipids were sepa-
rated on a silica column (100 mm X 8 mm) with a combina-
tion gradient and isocratic program of mixed solvents and de-
tected at 205 nm with an ultraviolet (UV) detector. Solvent A
was a mixed solvent of isopropanol/hexane (4:3, vol/vol), and
solvent B was a mixed solvent of isopropanol/hexane/water
(8:6:1.5, vol/vol/vol). Phospholipids were separated with a
gradient starting at 100% solvent A to 100% solvent B in 20
min, isocratic with 100% solvent B for 15 min, and regenera-
tion of the column for the next analysis with 100% solvent A
for 10 min. Phospholipids were identified from retention
times by running authentic standards under the same condi-
tions. Individual phospholipids were collected manually and
stored at —20°C for further analysis. Triplicate analyses were
run on each sample for comparative purposes, and multiple
analyses were run for collection of individual phospholipids.
The injection volume for samples from all postharvest treat-
ments was 1 mL.

HPLC of molecular species. Collected phospholipid frac-
tions were further purified by adding hexane and water to the
collected fraction to create a two-phase system for the con-
trol, immature, and high-temperature cured samples. The
water phase was saved and reextracted with CHCl,/MeOH
(2:1, vol/vol). Each sample was further concentrated by flash
evaporation prior to analysis. Molecular species of PC were
separated by HPLC reverse-phase chromatography on a col-
umn (150 mm X 4.6 mm, 3 p; Supelco, Inc., Bellefonte, PA)
with an isocratic elution of MeOH/acetonitrile/water (91:3:6,
vol/vol/vol). Sample size of PC from each treatment for mol-
ecular species analysis was 1 mL injected via a 1-mL sample
loop. A flow rate of 1.5 mL/min was used, and molecular
species were detected with a UV detector at 205 nm.

RESULTS AND DISCUSSION

HPLC of peanut phospholipids. The major phospholipids of
peanut oil are phosphatidic acid (PA), phosphatidylglycerol
(PG), phosphatidylethanolamine (PE), phosphatidylinositol
(PI), and PC. These phospholipids were concentrated and sep-
arated under the conditions outlined in the Materials and
Methods section. Figure 1 shows a typical HPLC chro-
matogram of the four different postharvest treatments identi-
fied in the figure legend. Samples were injected automatically
onto the HPLC column with a 1-mL sample loop. Individual
phospholipids were identified by retention time of known
standards that had been previously characterized by mass
spectrometry. Other unidentified components are probably
hydroperoxides of the phospholipids and are also present in
the freeze-damaged sample.
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FIG. 1. Effect of different postharvest treatments on the phospholipid
profile of peanuts: (A) undamaged, (B) immature, (C) high-temperature
cured, and (D) freeze-damaged; NL, neutral lipids; PA, phosphatidic
acid; PG, phosphatidylglycerol; PE, phosphatidylethanolamine; PI,
phosphatidylinositol.

Effect of postharvest treatment on phospholipid composi-
tion. Table 1 shows the concentration of the five individual
phospholipids and how they are affected by postharvest stress.
In immature peanuts, all phospholipids except PI increased in
concentration when compared to the control sample. The in-
crease in concentration of PA and PC in immature peanuts
might be explained on the basis that these phospholipids are
the precursors to the other phospholipids (9), and the phospho-
lipid fraction content of the total lipid fraction in immature
peanuts is somewhat higher than the phospholipid fraction in
mature peanuts. Total phospholipids in the immature sample
were 700 mg/100 g dry weight (DWT), whereas total phos-
pholipids in the control sample were 500 mg/100 g DWT
(Table 1).

Effect of high-temperature cure. When peanuts are sub-
jected to heat stress during curing, cells become leaky, and
the metabolic changes activate lipase enzymes and lipoxyge-
nase. Increased temperature results in increased fluidity of the
lipids, which leads to disruption of the phospholipid bilayer,
resulting in “holes” in the membrane (10). Increased temper-

TABLE 1
Effect of Postharvest Treatment on Total Phospholipids?

Ph(())sphthid Total

(% area) phospholipid

Treatment PA PG PE Pl PC  (mg/100 g DWT)
Control 22 25 133 157 664 500
Immature 45 23 140 76 717 700
Heat cured 95 1.1 160 154 58.1 900
Freeze-damaged 283 14.1 152 335 88 250

“PA, phosphatidic acid; PG, phosphatidylglycerol; PE, phosphatidyl-
ethanolamine; Pl, phosphatidylinositol; PC, phosphatidyicholine; DWT,
dry weight.



POSTHARVEST EFFECT ON PEANUT PHOSPHOLIPIDS

ature may also stimulate lipid biosynthesis (11). In peanuts,
an increase in the concentration of the phospholipid fraction
would probably be at the expense of the large triglyceride
fraction that is present in peanuts (approximately 98%}. In the
heat-damaged sample, PA increased significantly when com-
pared to the control (Table 1). A 3% increase in PE content
was observed in the heat-damaged sample when compared to
the control sample, whereas PG showed a slight decrease. PI
and PC content (mg basis) also increased due to this posthar-
vest treatment. Total phospholipids in the heat-damaged sam-
ple increased to a level of 900 mg/100 g DWT as compared
to 500 mg/100 g DWT for the control sample. The increased
concentration of total phospholipids in the heat-damaged
sample reflects the increases in PA, PE, PI, and PC and may
be due to the fact that PA and PC are known to be precursors
to the other phospholipids. A slight decrease was noted in the
concentration of PG, which may have become more saturated
due to the increased curing temperature. However, if heat
stress is prolonged or the temperature is excessive, the phos-
pholipid bilayer becomes disorientated, and the proteins (en-
zymes) become immobile, leading to the oxidation of unsatu-
rated lipids (12). An increase in the total phospholipid frac-
tion, coupled with potential oxidation of unsaturated fatty
acids, would render the oil more difficult to refine and affect
the quality and the stability of the finished product.

Freeze damage. In the freeze-damaged sample, the con-
centration of PA and PG increased significantly, whereas the
concentration of PC decreased greatly when compared to the
control sample (Table 1). The increase in PA and the large de-
crease in PC may be related to the fact that freezing induces
phospholipase-D activity. The susceptibility of phospholipids
to attack by enzymatic activity are in the order PC > PI > PE,
resulting in greater amounts of PA being formed (3). There-
fore, some increase in PA concentration resulted in the re-
moval of the choline group from PC. It is well established that
freeze injury leads to an increase in the total phospholipid
fraction, unsaturation (13), and an increase in free phospho-
rus (14). However, in this case, the total phospholipid content
of the sample decreased due to the almost complete destruc-
tion of PC. The actual concentration of PE also decreased in
the freeze-damaged sample due to the much lower content of
total phospholipids in this sample. PE is know to have a syn-
ergistic antioxidant role with the tocepherols (15). The unsat-
uration of the fatty acids in PG increases as well as their con-
centration in chilling sensitive plants. The concentration of PI
remained essentially the same (mg basis) as that of the con-
trol sample. During freeze damage, respiration goes anaero-
bic, and the phospholipid bilayer becomes more solidified and
restricts protein movement. At this stage, cellular constituents
leach out and change the metabolic activity of the cells. Un-
saturated lipids are highly susceptible to oxidation during this
process. Freeze damage to peanuts results in an oil that is dif-
ficult to refine, and the production of hydroperoxides would
certainly affect the stability of the oil.

Effect of postharvest treatment on the molecular species of
PC. The major molecular species found in PC are
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TABLE 2
Effect of Postharvest Treatment on the Major Molecular Species
of Phosphatidylcholine
Molecular Amount

Sample species % (mg/100 g DWT)?
Control C18:2/C18:2 40.7 135.1

C18:2/C18:1 59.3 196.9
Immature C18:2/C18:2 50.0 254.6

C18:2/C18:1 50.0 254.6
Heat-cured C18:2/C18:1 27.2 142.2

C18:1/C16:0 72.8 380.7

“DWT, dry weight.

C18:2/C18:2 and C18:2/C18:1, and these species were sepa-
rated on the basis of unsaturation on reverse-phase columns.
The most unsaturated species eluted first (16). Table 2 shows
the relative content of the molecular species of PC as affected
by postharvest treatment. The control sample had a distribu-
tion of 40% C18:2/C18:2, whereas the distribution in the im-
mature sample was equal for both major species. However,
the total concentration of molecular species was much greater
in the immature sample than the control. Part of the differ-
ence in the total concentration of molecular species in the im-
mature sample can be attributed to the increased amount of
the C18:2 fatty acid moiety in this sample, and increased un-
saturated increases the amount detected by a UV detector.
Molecular species found in the high-temperature cured sam-
ple had a higher degree of saturation due to the presence of
C18:1/C16:0 molecular species. This was probably due to the
oxidation of some of the more unsaturated molecular species,
particularly the C18:2 fatty acid moiety, by heat stress. All of
the molecular species shown in Table 1 have been identified
in PC isolated from peanuts by HPLC and mass spectrome-
try. Phospholipids act in a synergistic manner with toco-
pherols in lengthening the onset of the induction period of
lipid oxidation. The degree of unsaturation of the acyl fatty
acid chains has an added effect on the length of the induction
period (17). The above factors can definitely affect the qual-
ity of the oil and, therefore, the refining process. Due to the
destruction of PC in the freeze-damaged sample, the concen-
tration was too low to permit detection of the molecular
species in this sample.

Results of this study have illustrated the use of a new
HPLC method for the analysis of peanut phospholipids and
the collection of phospholipids for molecular species analy-
sis. The results presented here also show that HPLC of phos-
pholipids and molecular species of phospholipids in crude
peanut oil can be useful for evaluating peanut oil quality as
affected by postharvest stress.
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