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Fatty Acid Composition of California
Grown Almonds
S.K. SATHE, N.P. SEERAM, H.H. KSHIRSAGAR, D. HEBER, and K.A. LAPSLEY

ABSTRACT: Eight almond (Prunus dulcis L.) cultivars from 12 different California counties, collected during crop
years 2004 to 2005 and 2005 to 2006, were extracted with petroleum ether. The extracts were subjected to GC-MS
analyses to determine fatty acid composition of soluble lipids. Results indicated palmitic (C16:0), oleic (C18:1),
linoleic (C18:2), and α-linolenic (C18:3) acid, respectively, accounted for 5.07% to 6.78%, 57.54% to 73.94%, 19.32%
to 35.18%, and 0.04% to 0.10%; of the total lipids. Oleic and linoleic acid were inversely correlated (r = –0.99, P =
0.05) and together accounted for 91.16% to 94.29% of the total soluble lipids. Statistically, fatty acid composition
was significantly affected by cultivar and county.
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Introduction

Almonds lead global tree nut production. The United States
is the largest almond producer and exporter with Califor-

nia accounting for nearly 80% of the global almond produc-
tion. According to the 2007 Almond Almanac, the 2006 US al-
mond crop valued at $1.9 billion was the largest specialty crop
export of the United States. In the United States, California cen-
tral valley is the main region for almond production with approx-
imately 587000 bearing acres in 2006–2007 dedicated to almond
production (ABC 2007). Within this region, 16 counties—Butte,
Colusa, Fresno, Glenn, Kern, Kings, Madera, Merced, San Joaquin,
Solano, Stanislaus, Sutter, Tehama, Tulare, Yolo, and Yuba account
for majority of US almond crop (Figure 1). In 2005–2006, Fresno,
Kern, Merced, and Stanislaus each with over 100 million lbs fol-
lowed by Butte and Madera, each producing between 50 and
99 million lbs, were the leading almond producing counties (ABC
2006). In 2006–2007, Colusa, Kern, and San Joaquin (each with >

100 million lbs), and Fresno, Madera, Merced, and Stanislaus (each
with 50 to 99 million lbs) counties were the leading almond produc-
ers (ABC 2007).

Earlier, Sathe (1993) analyzed chemical composition of 5 major
marketing varieties of US-grown almonds (Carmel, Mission, Ne-
plus, Nonpareil, and Peerless) and reported the seeds to contain
53.59% to 56.05% lipids, 16.42% to 22.17% proteins (N × 5.18),
4.35% to 5.86% moisture, and 2.69% to 2.93% ash. Two fatty acids,
oleic and linoleic, accounted for over 90% of the total lipids indi-
cating the almond lipid profile to be desirable from a human nu-
trition point of view. Incorporation of almonds (52 g/d) has been
shown to result in a significant (P < 0.05) increase in monoun-
saturated fatty acid (MUFA), polyunsaturated fatty acid (PUFA),
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fiber, vegetable protein, α-tocopherol, Cu, and Mg intakes; 42%,
24%, 12%, 19%, 66%, 15%, and 23%, respectively, (Jaceldo-Siegl
and others 2004) over the corresponding control diet. In addition,
the study also found that almond supplementation resulted in a
3% decrease in total saturated fatty acids (SFA), 14% decrease in
trans fatty acids, with a simultaneous increase of 27% in linoleic,
and 45% in oleic acid intake. Several recent publications have
examined the beneficial effects of nut seed consumption in hu-
man health (Feldman 2002; Jiang and others 2005; Mukuddem-
Petersen and others 2005; Chen and others 2006; Griel and Kris-
Etherton 2006; Jenkins and others 2006; Rajaram and Sabaté 2006;
Ros and Mataix 2006; Coates and Howe 2007; Li and others 2007)
especially in relation to blood lipid profile and the risk of car-
diovascular diseases (CVDs). Almond lipids, in addition to be-
ing high in oleic and linoleic acid, are also rich in vitamin E,
a known antioxidant (Kodad and others 2006; Chen and others
2006). The α-isomer of vitamin E is a known antioxidant while the
γ - isomer seems to be important for protection of cell membranes
from free radical damage—an important consideration in cardio-
protective effect. To help select almond genotypes that may offer
good antioxidant (that is, high α-tocopherol) and cardio-protective
effect (high γ -tocopherol) Kodad and others (2006) investigated
distribution of α-, γ -, and δ-, tocopherols in Spanish almond vari-
eties and genotypes and found both α- (range 147.2 to 490.3 mg/kg
oil) and γ - (6.1 to 26.3 mg/kg oil) isomers to be quite variable. The
study therefore suggests selection of almond seeds for high α-, γ -,
or both isomers may be possible.

Lipids contribute to the unique flavors and textures of many
edible tree nut seeds that often strongly influence consumer ac-
ceptance. Location and environmental conditions along with the
genetics typically influence chemical composition of many crops.
Almond quality has been reported to be dependent on the geno-
type (Romojaro and others 1988). Schirra and Agabbio (1989) did
not find irrigation to influence almond oil composition or the ker-
nel keeping quality. On the other hand, Nanos and others (2002)
reported that the oil quality of 2 almond cultivars (Ferragnes and
Texas) grown in 2 trial plots in central Greece was intrinsically dif-
ferent with respect to fatty acid composition and sugar composi-
tion (sugar type and quantity). The seeds collected from trees grow-
ing in the irrigated plot contained higher oleic acid compared to the
counterpart sample from nonirrigated plot. Malisiova and others
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(2004) found more mature almond seeds (collected in September
2000) to contain more triglycerides (95.9% as opposed to 84.7 of
total lipids) and less total polar lipids (3.7% compared with 10.1%
of total lipids) as compared to those harvested earlier (June 2000)
in the year. Gradziel and others (2000) reported that peach-derived
almond cultivars had the highest oil quality as determined by the
ratio of oleic to linoleic acid. The study found that almond oil con-
tent and oil fatty acid composition was dependent on genotypes,
a finding consistent with similar observations reported earlier by
Kumar and others (1994) and Abdallah and others (1998). A recent
study of 26 almond genotypes grown in Turkey exhibited variable
kernel weight (0.5 to 1.34 g, LSD = 0.28 at P = 0.01), lipid content
(25.29% to 60.77%), and fatty acid composition (Askin and others
2007). These investigators made several interesting observations
including: (1) kernel weight significantly (P < 0.05) influenced the
palmitic (r = 0.39), stearic (r = 0.64), oleic (r = 0.61), and linoleic
acid (r = –0.48) content; (2) palmitic (r = –0.44) and stearic acid
(r = –0.66) content correlated negatively while oleic acid (r = 0.44)
content correlated positively with shell thickness; and (3) linoleic
and oleic acid contents being negatively correlated (r = –0.92). The
negative correlation between the linoleic and oleic acid in almond
lipids was earlier reported by Abdallah and others (1998) and Ko-
dad and others (2004). Together, these studies suggest that almond
lipid content and fatty acid composition is dependent upon not
only genotype but also location and climatic conditions prevalent
during growing season.

Despite the importance of almond lipids in almond seed qual-
ity, only limited research has been conducted on lipid composition
of California grown almonds. The current study was designed to
assess possible influence of seed variety, location, and production
year on fatty acid composition of select California grown almonds.

Figure 1 --- Almond production in
California counties. Source: Almond
Almanac (2006).

Materials and Methods

Almond samples (Table 1) were provided by the Almond Board
of California (Modesto, Calif., U.S.A.). Seeds collected during

crop years 2004–2005 and 2005–2006 were provided by the Al-
mond Board of California packed in semipermeable cellophane
bags or Ziploc R© double zipper freezer bags (S.C. Johnson & Son,
Inc., Racine, Wis., U.S.A.). The seeds were stored in their original
packing material at –20 ◦C until further use. Proximate composi-
tion of seed samples was completed within 4 mo from the sample
receipt date. The lipids collected were flushed with nitrogen, stored
at –20 ◦C, and analyzed for fatty acid composition within 12 mo of
lipid collection.

Seed weight
Seed weight (grams per 100 seeds) for each sample was de-

termined by weighing 3 aliquots (n = 3) using an electronic
top loading balance (Model PB 5001, Mettler-Toledo, Greifensee,
Switzerland) with an accuracy of ± 0.1 g.

Preparation of full fat almond flour
The seeds were ground in an Osterizer blender (Galaxie Model

Number 869-18R, Jarden Consumer Solutions, Boca Raton, Fla.,
U.S.A.) with a speed setting “grind” until uniform flour (approxi-
mately 40 mesh) was obtained.

Lipid extraction and determination
(AOAC Official Method 948.22 1995)

A known weight (approximately 10 g per thimble) of full fat flour,
in triplicate, was extracted with 10 to 15 volumes of petroleum ether
(boiling point range 38.2 to 54.3 ◦C) for 8 h in a Soxhlet apparatus.
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At the end of the extraction period, the defatted samples were dried
overnight (10 to 12 h) in a fume hood to remove residual traces
of petroleum ether and the samples weighed to calculate lipid
content.

Lipid(%) =
[Initial wt. of full fat flour (g)−final wt. of defatted flour (g)]×100

Initial wt. of full fat flour (g)

Fatty acid analysis
Petroleum ether extracts containing lipids were subjected to vac-

uum distillation at approximately 40 ◦C using a Rotovap (Bűchi Ro-
tavapor R-3000, Brinkman Instruments Inc., Westbury, N.Y., U.S.A.)
to remove ether. Extracted lipids were stored at –80 ◦C under nitro-
gen until further analysis. Lipid samples were analyzed in duplicate
for saturated and unsaturated fatty acid composition. Methylation
method (Lepage and Roy 1986; Bagga and others 1997), briefly de-
scribed, was used to prepare the samples prior to gas chromato-
graphic (GC) analysis.

A known amount of lipid sample (approximately 5 μL), sus-
pended in a methanol (MeOH)/benzene solution (7 : 3, v/v), was
treated with acetyl chloride and incubated at 100 ◦C for 1 h. After
cooling, 6% (w/v) potassium carbonate buffer was added (0.6 M,
pH 10.2, 4 mL) and the samples centrifuged at 2000 × g for 10 min
in an Eppendorf Centrifuge (Brinkmann Model 5810-R, Brinkman
Instruments Inc.) at room temperature. A known amount of the su-
pernatant from each sample (approximately 50 μL) was removed
and diluted with benzene (1 : 4 v/v) prior to GC analysis. Varian
3400CX gas chromatogram equipped with flame ionization detec-
tor (FID) and CP8200 Auto sampler (10 μL syringe) was used. Two

Table 2 --- Correlation coefficients between individual fatty acid amounts (grams fatty acid per 100 g lipid).

Palmitic Palmitoleic Stearic Oleic Linoleic Linolenic Arachidic
Fatty acid C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0

Palmitic C16:0 1.00 – – – – – –
Palmitoleic C16:1 0.21 1.00 – – – – –
Stearic C18:0 −0.02 −0.11 1.00 – – – –
Oleic C18:1 −0.60 0.07 −0.39 1.00 – – –
Linoleic C18:2 0.54 −0.11 0.33 −0.99 1.00 – –
Linolenic C18:3 −0.24 −0.02 −0.18 0.22 −0.20 1.00 –
Arachidic C20:0 −0.09 −0.32 0.82 −0.20 0.16 −0.03 1.00

Significant (r ≥ 0.6) positive and negative correlations are indicated in bold.

Table 3 --- Effect of region and cultivar on almond fatty acid composition.a

Cultivar

Counties Overall Nonpareil Carmel Mission Butte Padre Price LSD (p < 0.05)

C 18:1
Northern 65.75 68.71 62.33 68.15 63.38 68.94 64.57 0.377
Southern 65.71 67.94 62.78 67.42 63.66 68.75 65.40 0.324
LSD (P < 0.05, n = 74) 0.329

C 18:2
Northern 27.19 24.42 30.44 25.18 28.90 24.66 64.57 0.369
Southern 27.27 25.07 27.31 25.82 28.83 24.87 65.40 0.316
LSD (P < 0.05, n = 74) 0.322

C 16:0
Northern 5.80 5.75 5.93 5.42 6.05 5.40 5.79 0.131
Southern 5.89 5.99 6.12 5.68 5.97 5.34 5.97 0.152
LSD (P < 0.05, n = 74) 0.149

C 18:0
Northern 0.75 0.53 0.79 0.79 1.16 0.51 0.56 0.075
Southern 0.61 0.44 0.57 0.67 0.85 0.55 0.51 0.101
LSD (P < 0.05, n = 74) 0.093

aDifference between 2 means within a column or a row exceeding the corresponding LSD value is significant (P = 0.05). Northern counties = Butte, Colusa, Glenn,
Sacramento, and Yolo; southern counties = Fresno, Kern, Madera, Merced, San Joaquin, Stanislaus, and Tulare.

microliters (50 : 1 split) of the diluted sample were loaded onto the
GC column (Supelco SP-2380, 30m × 0.32 mm ID, 0.25-μm film
part nr: 2-4116, 1 mL/min flow rate) using helium as the carrier gas
(industrial, combination trap). The column inlet temperature was
260 ◦C. The heating oven was set at 90 ◦C for 2 min followed by in-
creasing oven temperature to 150 ◦C at a rate of 4 ◦C/min and then
to 260 ◦C at a rate of 10 ◦C/min. The oven temperature was held
for 5 min at 260 ◦C. The total time for each GC run was 33 min.
FID detector set at 300 ◦C was flushed with hydrogen (industrial)
and air (industrial) mixture using helium (industrial) as the makeup
gas according to the manufacturer’s recommendation. Signal was
recorded over 5 to 34 min. GLC-10 Supelco F.A.M.E. Mix. was used
as the external standard (ESTD) for fatty acid quantification with
integrator parameters set at, initial area reject = 0, threshold = 12,
and autoscaling by the largest peak.

Statistics
All samples were analyzed at least in triplicate. Data were ana-

lyzed for statistical significance using analysis of variance (ANOVA)
(SPSS version 15.0, SPSS, Inc., Chicago, Ill., U.S.A.) and Fisher’s least
significance difference (LSD, P = 0.05). Appropriate correlation (r)
coefficients were calculated using linear regression, least squares fit
method, Ott (1977).

Results and Discussion

Almond seed samples, seed weight, total lipids
Almond seed samples, their origin, crop year, and 100 seed

weight used in the study are summarized in Table 1. Average
seed weight exhibited a wide range (76.87 to 144.44 g per 100
seeds, as is basis). Total petroleum ether extractable lipids by the
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Figure 2 --- Dendrograms for fatty acid composition of Nonpareil (A), Carmel (B), and Butte (C) grown in different
counties and of cultivars from counties with the highest kernel production, Kern (D), Fresno (E), and Stanislaus (F).

Soxhlet method ranged from 49.10% to 66.38% of the edible kernel
weight on as is basis (unpublished data). Soler and others (1988)
investigated composition of diethyl ether extracted oil from al-
mond variety “Pons” cultivated on the island of Mallorca, Spain
from 20 selected trees during the seed development for 3 consec-
utive crop years (1982, 1983, and 1984). Results indicated oil con-
tent was initially approximately 3.5% and reached approximately
61% of kernel weight on a dry weight basis. Several references
cited in Soler and others (1988) have also reported oil content
(range 50% to 65% on a dry weight basis) in almond seeds while
Maguire and others (2004) found 40.8% lipids in almonds bought
in local grocery store in Cork, Ireland. Sathe (1993) reported al-

mond oil for 5 US commercial marketing varieties (Carmel, Mis-
sion, Neplus, Nonpareil, and Peerless) to be in the range 53.59%
to 56.05% (dry weight basis). A recent report (Askin and others
2007) on 26 almond genotypes from eastern Anatolia (Turkey) in-
dicates almond oil content, depending on the genotypes, to vary
over a wide range, 25.19% (genotype EL-309) to 60.77% (geno-
type EL-139). Oil content (hexane extractable) of mature almonds
grown and consumed in Bulgaria (Momchilova and Nikolova-
Damyanova 2007) has been reported to be 42.3% ± 0.8%. The oil
was reportedly composed of triacylglycerols (98.2% ± 1.4%) and
small quantities of sterols (0.6% ± 0.2%), diacylglycerols (0.6% ±
0.2%), and polar lipids (0.3% ± 0.1%).
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Fatty acid composition
Fatty acid composition of the petroleum ether extractable lipids

is summarized in Table 1. Three fatty acids, C16:0 (palmitic), C18:1

(oleic), and C18:2 (linoleic), dominated the lipid composition re-
gardless of the cultivar, county, or the crop year. The range for these
3 fatty acids was 5.15% to 6.65%, 59.52% to 73.80%, and 19.49%
to 33.29%, respectively. The average values, expressed as Mean ±
SEM, for oleic and linoleic acids were 65.77% ± 0.33% and 27.18% ±
0.32%. Palmitoleic (C16:1), range 0.31% to 0.57%; stearic (C18:0),
range 0.24% to 1.66%; α-linolenic (C18:3), range 0.05% to 0.09%;
and arachidic (C20:0), range 0.03% to 0.07% acids were present in
all the tested samples. The corresponding averages for palmitoleic,
stearic, and α-linolenic (Mean ± SEM) acids were 0.41% ± 0.04%,
0.64% ± 0.09%, and 0.07% ± 0.01%. The results of fatty acid compo-
sition in the current investigation are consistent with the reported
literature data (Soler and others 1988; Sathe 1993; Maguire and oth-
ers 2004; Vekatachalam and Sathe 2006; Askin and others 2007).
Both cultivar and harvest year significantly affected fatty acid con-
tent. Among the several tree nuts, almonds, and pecans appear
to have similar fatty acid distribution (Wakeling and others 2001;
Venkatachalam and Sathe 2006). Pecan lipids were shown to be
similar to almonds with respect to PUFA : MUFA : SFA (PMS) ratio
as well (Wakeling and others 2001). Pecans (Western Schley) grown
in Egypt (El-Sharkawy and others 1987) contained more linoleic
acid (42 g/100 lipids) compared to 32.88 g/100 g lipids (average of
3 y—1995–1997) for the same cultivar grown in Australia (Wakel-
ing and others 2001) suggesting the possible influence of location
on fatty acid composition. Interestingly, Wakeling and others (2001)
did not find crop year (1995–1997), or cultivar (Wichita and Western
Schley—grown in Australia), to influence pecan fatty acid composi-
tion. Ryan and others (2006) reported C18:1 and C18:2 in pecans pur-
chased in Cork, Ireland to be 40.63% and 50.31%, respectively. Re-
calculation of the data reported by Ryan and others (2006) for pecan
lipid yields a PMS ratio of 5.13 : 4.25 : 0.62 indicating significant vari-
ation in relative proportions in nut fatty acids possibly due to ori-
gins of the nut seed samples. The PMS ratio in the current investiga-
tion was 4.12 : 10.03 : 1, which is higher than 3.02 : 7.31 : 1 reported
for almonds by Abbey (1997) (cf Wakeling and others 2001). Re-
gion, northern compared with southern counties in which almonds
were grown, had a small but statistically significant effect on stearic
acid content (Table 3). Of nutritional importance is the dominance
of oleic a monounsaturated fatty acid (MUFA), and linoleic, an es-
sential polyunsaturated fatty acid (PUFA), together accounting for
over 91% (range 91.69% to 93.95%) of the total extractable lipids.
Predominance of oleic acid may partly explain, when stored prop-
erly, why almonds have a long shelf life compared to other popular
tree nuts such as pecans and walnuts that contain high amounts
of PUFAs (notably linoleic and α-linolenic acids). The ratio of oleic
to linoleic acid exhibited a wide range and varied from 1.79 to 3.79
(LSD = 0.05, P = 0.05). Both cultivar and county significantly af-
fected the oleic to linoleic acid ratio although no systematic cor-
relations between either the county or the cultivar and the ratio of
the 2 fatty acids was noted. As indicated in Table 2, oleic and linoleic
(r = –0.99) and stearic and arachidic (r = 0.82) acid contents were
strongly correlated whereas correlation between palmitic and oleic
(r = –0.60) acids was not as strong. Negative correlation between al-
mond oleic and linoleic acid contents has been previously observed
(Abdallah and others 1998; Kodad and others 2004; Askin and oth-
ers 2007). More recently, Askin and others (2007) also found a weak
correlation between palmitic and oleic acid (r = –0.43).

Although high in total lipids, dominance of oleic and linoleic
fatty acids in almond lipids is nutritionally favorable. Consum-
ing whole almonds (that is, with the skins) may also be useful as

Ellis and others (2004) have reported that almond cell walls, rich
in nonstarchy polysaccharides, decrease lipid absorption in hu-
mans on an almond rich diet when compared to the corresponding
control.

Dendrogram analyses suggested fatty acid composition was in-
fluenced by the cultivar and the county (Figure 2) indicating both
to be important in determining fatty acid composition. Statisti-
cal analyses of the data summarized in Table 3 confirmed these
observations.

Conclusions

On the basis of the results of the current investigation, fatty
composition of California grown almonds exhibits significant

variation depending on the cultivar, location, and crop year. Oleic
and linoleic acid are the 2 most abundant fatty acids in almond
lipids.
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