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Chemical composition of nuts and seeds sold in Korea
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Abstract

Eleven types of nuts and seeds were analyzed to determine their energy (326-733 mg), moisture (1.6-18.3 mg), carbohydrate (8.8-70.9 mg), protein
(4.9-30.5 mg), lipid (2.5-69.8 mg), and ash (1.2-5.5 mg) contents per 100 g of sample. Energy content was highest in pine nuts (733 mg/100 g),
carbohydrate level was highest in dried figs (70.9 mg/100 g) and protein was highest in peanuts (30.5 mg/100 g). The amino acid compositions
of nuts and seeds were characterized by the dominance of hydrophobic (range = 1,348.6-10,284.6 mg), hydrophilic (range = 341.1-3,244.3 mg), acidic
(range = 956.1-8,426.5 mg), and basic (range =408.6-4,738.5 mg) amino acids. Monounsaturated fatty acids (MUFA) were highest in macadamia
nuts (81.3%), whereas polyunsaturated fatty acids (PUFA) were highest in the walnuts (76.7%). Macadamia nuts did not contain any vitamin E,
whereas sunflower seeds contained the highest level (60.3 mg/kg). Iron (Fe) content was highest in pumpkin seeds (95.85+33.01 ppm), zinc (Zn)
content was highest in pistachios (67.24 +30.25 ppm), copper (Cu) content was greatest in walnuts (25.45+21.51 ppm), and lead (Pb) content
was greatest in wheat nuts (25.49 +4.64 ppm), significantly (P <0.05). In conclusion, current commercial nuts and seeds have no safety concerns,
although further analysis of Pb contents is necessary to ensure safety.
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Introduction

Nuts and seeds are good sources of lipids and protein [1]. In
addition, nuts and seeds are widely used for their oils as well
as in butters and cookies, and they are consumed directly as food
due to their characteristic flavors [2]. Nuts and seeds are lucrative
and have anti-aging effects due to their abundance of in vitamins
B and E [2,3]. Among the fatty acids commonly found in nuts
and seeds, 70-80% are essential fatty acids, which are components
of the plasma membrane and contain a lipoprotein found in brain
cells known as lecithin. Therefore, nuts and seeds are excellent
nutrients for growing children and good snacks for adults [2].

Recently, it was found that changes in dietary patterns and
improvements in quality of life are associated with incidence of
obesity, cardiovascular disease (CVD), diabetes, cancer, and
other detrimental diseases [4,5]. These diseases are related to
increased levels of plasma lipids, thrombosis, oxidation of
LDL-~cholesterol, and formation of free radicals [6]. Therefore,
many studies have been conducted on the anti-thrombotic and
anti-oxidant effects of food on LDL-cholesterol [7]. Results of
studies on nuts and seeds have revealed that they contain polyphenols,
which have anti-oxidant effects on lipids and LDL-cholesterol,
inhibit platelet coagulation, and show preventive effects against
atherosclerosis, hypertension, and CVD [7]. Nuts and seeds have

also been shown to have anti-cancer, anti-inflammatory, anti-mutation,
anti-virus, and anti-allergic effects [7-9].

Increase in population and urbanization along with the
development of industry directly or indirectly impacts the environ-
ment via contamination by lead (Pb), mercury (Hg), cadmium
(Cd), aluminium (Al), arsenic (As), and beryllium (Be), thereby
leading to public health problems [10]. Pb, Hg, and Cd can
indicate contamination [11], and they are useful for evaluating
geographical differences since they are responsive to lifestyle,
geographical conditions, and the natural ecosystem [12]. Accordingly,
it is necessary to periodically study the contamination of nuts
and seeds by these compounds to ensure there are no risks to
public health.

The purpose of this study was to analyze and assess the stability
of nutrients and heavy metals in nuts and seeds that are widely
distributed and consumed.

Materials and Methods

Materials

The most popular nuts and seeds are almonds (India), walnuts
(USA), cashew nuts (India), dried figs (Iran), sunflower seeds
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(China), pumpkin seeds (China), pine nuts (Korea), wheat nuts
(USA), macadamia nuts (Australia), peanuts (Korea), and
pistachio nuts (USA). These seeds were collected in Seoul, Korea
from October, 2008 to June, 2010. All full-fat seeds were placed
in the desired labeled containers, which were flushed several times
with nitrogen gas; the lids were tightly placed on the containers,
and the samples were stored at -20C until further use [3].

General ingredient analysis

Energy and Carbohydrates [13]: Energy and carbohydrates
were calculated according to the methods described in the Food
Code (2008) of Korea.

Moisture (AOAC Official Method 925.40) [3,14]: An accurately
weighed sample (~1 g) was placed in an aluminum pan and then
dried in a previously heated vacuum oven (Barnstead Lab-Line,
Melrose Park, IL; model 3608-5; 95-100C and 25 in. of Hg)
to a constant weight.

Protein (AOAC Official Method 950.48) [3,14]: The micro-
Kjeldahl method was used to determine total protein contents.
Briefly, 0.1 g of sample was placed in a micro-Kjeldahl flask.
A catalyst (042 g of CuSO4+9.0 g of K»SOs), a few glass beads
(to prevent sample bumping), and 15 ml of concentrated HSO4
(36 N) were then added to each sample. Next, sample digestion
was conducted at 410°C for 45-75 min until a clear green solution
was obtained, which ensured complete oxidation of all organic
matter. The digest was then diluted with 50 ml of distilled water,
after which a micro-Kjeldahl flask was attached to the distillation
unit. Next, 45 ml of 15 N NaOH was added and sample
distillation initiated. The released ammonia was collected into
a boric acid solution containing methylene blue and methyl red
as indicators. Borate anion (proportional to the amount of
nitrogen) was then titrated with standardized 0.1 N H,SO4. A
reagent blank was run simultaneously and the sample nitrogen
content was calculated using the formula.

%N = (mL of H,SO, for sample - mL of H,SO4 for blank) x
Normality of HySO4 x 1.4007 / wt of sample (g)

Protein (%) =total N (%) x appropriate factor for sample. The
conversion factors used were 5.18 for almonds, 5.46 for peanuts,
and 5.3 for all others.

Lipids (AOAC Official Method 948.22) [3,14]: A known weight
of sample (~10 g/thimble) was defatted in a Soxhlet apparatus
using petroleum ether (boiling point range = 38.2-54.3C) as the
solvent (flour-to-solvent ratio of 1:10 w/v) for 8 h. Defatted
samples were dried overnight (~10-12 h) in a fume hood to
remove residual traces of petroleum ether, after which the
samples were weighed to calculate lipid content.

Lipid (%) = [Initial wt of full fat flour (g) - Final wt of defatted
flour (g)] x 100/ Initial wt of full fat flour (g)

Defatted samples were homogenized using a Sorvall blender
(speed setting at 6-8) and then stored in plastic screw-capped

bottles at -20°C until further analysis.

Ash (AOAC Official Method 923.03) [14]: Accurately weighed
samples (~0.1 g) were placed in a ceramic crucible that had been
previously heated and cooled until a constant weight was
obtained. The samples were then subjected to ashing in a muffle
furnace maintained at 550°C until a constant final weight for
ash was achieved.

Amino acid composition

Total amino acid composition was determined by HPLC
(Young-Lin Inc., Korea) using a Waters AccQ-Tag kit. Briefly,
accurately weighed samples were hydrolyzed in 200 mg of 6
N HCI 10 ml in the presence of nitrogen (20 h, 110C). After
filtering through a Millipore syringe filter (0.45 um filter), the
samples were concentrated using a rotary vacuum evaporator.
Concentrated samples were then dissolved in 1.5 ml of 20 mM
HCI and stored in an EP-tube (4C) after filteration through a
0.2 ym syringe filter. Amino acids were then analyzed by HPLC
using a Waters AccQ-Tag kit. The amino acid composition was
reported as milligrams of amino acid per 100 g of protein.

Fatty acid composition

Total fatty acid composition was determined by gas chroma-
tography (GC) using an HP-6890 gas chromatograph (Young-Lin,
Acme 6000 GC, Korea) coupled with a flame ionization detector.
Briefly, 0.1 g of Supelco 37 FAME mix (mixed-fat standard
sample) was dissolved in isooctane to give a standard solution
with a concentration of 100 mg/ml. Next, 20 mg of fat sample
was placed in a 25 ml tube, 2 ml of 0.5 N NaOH/methanol was
added, and the sample was boiled for 5 min at 100C using a
heating block to induce hydrolysis. The sample was then allowed
to cool to room temperature, 2 ml of BFs/methanol (14%) and
2 ml of isooctane were added, and the sample was boiled for
5 min. Next, 3 ml of saturated saline solution was added to the
reaction mixture, after which the sample was shaken gently for
5 min. The octane layer was then removed and dehydrated by
the addition of sodium sulfate anhydride. Finally, the sample was
injected into the GC. The GC conditions were as follows:

(a) Column: HP-FFAP (30 m x 0.25 um)

(b) Injector temperature: 230°C

(c) Oven temperature: 100°C for 2 min followed by an increase

of 4C/min to 230°C, which was maintained for 20 min

(d) Detector temperature: 250C

(e) Gas carrier: helium 1.5 ml/min
All data were corrected for recoveries and expressed as a
percentage.

Vitamin A and vitamin E composition

Vitamin A content was detected by HPLC according to the
method described by Kim [15]. Briefly, total retinol was detected
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after saponification of retinyl ester. To accomplish this, 1.5 ml
of potassium hydroxide (15% KOH in methanol; w/v) was mixed
with 1ml of sample and then hydrolyzed at 75°C for 25 min.
Next, 2 ml of petroleum ether was added and the sample
centrifuged. The supernatant was then collected, dehydrated with
NaxSOs, and centrifuged. The supernatant was removed, washed
with sea-sand and 2 ml of petroleum ether, and then evaporated
under nitrogen gas. One milliliter of methanol: acetone (1:1; v/v)
was added to the sample, after which it was filtered through a
0.45 pm Gelman membrane filter and then evaluated by HPLC
(LC-6AD and LC-10AD, Shimadzu, Japan). A column packed
with Capcell pack Cis was used to detect vitamin A. The mobile
phase consisted of methanol applied at a rate of 1.5 ml /min.
An SPD-AV detector at 325 and 450 nm was used to analyze
retinol and B-carotene. The values of retinol and B-carotene
(Sigma) were compared to a standard curve to determine the
amount of vitamin A in the samples. Vitamin A content was
calculated by the summation of retinol and B-carotene and
expressed as “R.E.”

Vitamin E was detected according to the method described
by Lee and Lee [16]. Briefly, 0.3 g of sample was added to
25 ml flasks and then dissolved in 0.01% butylated hydroxy-
toluene (BHT)/hexane solution. This sample was then applied
directly to HPLC using a solvent delivery pump (M930; Young-
Lin Inc., Korea). The samples were detected using a LC305
detector (Thermo Separation Products Inc., CA, USA). The
HPLC system consisted of a LiChrosphere® Diol 100 column
(250 x4 mm id., 5 pm) purchased from Merck (Darmstadt,
Germany) and a JASCO 807-IT detector (Jasco International Co.,
Tokyo, Japan) [17]. The excitation wavelength was 290 nm and
the emission wavelength was 330 nm. The mobil phase was 1.3%
isopropanol in n-hexane, which was applied at 1.0 ml/min. The
sample injection volume was 20 pl.

Essential elements and heavy toxic elements composition

In order to determine the concentration of heavy metals, 0.5
g of sediment was digested by microwave irradiation in Teflon
vessels using 6 ml of supra-pure concentrated HNOs, 2 ml of
H>0, 30% and 2 ml of concentrated HF; HF was removed by

Table 1. General ingredient analysis of nuts and seeds sold in Korea (mg/100 g)

the addition of an excess amount of H;BO; (U.S. EPA Method
3052, 1996). The solution was transferred into a polyethylene
volumetric flask and diluted with milliQ water to 100 ml. One
milliliter of the solution was then diluted to 10 ml by addition
of HNO;. Heavy metal concentrations were measured by
inductively coupled plasma mass spectrometry (Perkin Elmer
2100 DV; U.S. EPA Method 6020, 1996). All glass wares and
plastic containers were washed with 10% nitric acid solution and
rinsed thoroughly with milliQ water [18].

Statistical analysis

The composition values for heavy metal composition were
expressed as means = SD, which were determined using SPSS
(version 13.0). One-way ANOVA was employed to compare the
mean values of the different nuts and seeds, followed by
Duncan’s multiple range test when necessary. A P <0.05 was
considered to indicate significance.

Results

General ingredient analysis

Proximate compositions of the 11 types of nuts and seeds
evaluated in this study are shown in Table 1. Energy contents
of the pine nuts, walnuts, macadamia nuts, and wheat nuts were
733 mg, 728 mg, 711 mg, and 669 mg per 100 g of sample,
respectively. Moisture content ranged from 1.6 mg/100 g
(macadamia nuts) to 18.3 mg/100 g (dried figs). Cabohydrate
content of dried figs was 70.9 mg/100 g (highest), whereas
almonds, cashew nuts, sunflower seeds, wheat nuts, macadamia
nuts, and pistachios contained carbohydrate levels from 22.7 mg/
100 g to 29.1 mg/100 g. The carbohydrate level of pine nuts
was 8.8 mg/100 g (lowest). Protein content of peanuts was 30.5
mg/100 g (highest), whereas that of the dried figs was 4.9 mg/100
g (lowest). Generally, lipid contents of nuts and seeds ranged
from 43.2 mg/100 g to 69.8 mg/100 g, whereas that of dried
figs was 2.5 mg/100 g (lowest). Ash contents ranged from 1.2
mg/100 g (macadamia nuts) to 5.5 mg/100 g (pumpkin seeds).

Nuts and seeds Energy Moisture Carbohydrate Protein Lipid Ash
Almond 590 4.0 252 23.8 43.2 3.2
Walnut 728 27 11.7 14.4 69.3 1.9
Cashew nut 596 3.8 29.1 20.2 443 2.6
Dried fig 326 18.3 70.9 4.9 25 3.4
Sunflower seed 596 4.2 227 246 45.2 3.3
Pumpkin seed 575 5.6 15.2 29.8 43.9 55
Pine nut 733 1.9 8.8 17.3 69.8 22
Wheat nut 669 1.9 255 13.8 56.9 1.9
Macadamia 71 1.6 239 8.9 64.4 1.2
Peanut 629 2.0 14.9 30.5 49.7 29
Pistachio 606 2.7 24.6 244 456 2.7
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Amino acid composition

The amino acid composition data are summarized in Table 2.
Among the amino acids, glutamic acid, arginine, glycine, and
leucine contents were generally high, whereas histidine and
methionine contents were low. Specially, cysteine (1,419.8
mg/100 g) and threonine (708.5 mg/100 g) contents were high
in sunflower seed, whereas, alanine (1,621.0 mg/100 g), valine
(992.3 mg/100 g), leucine (824.8 mg/100 g), methionine (552.1
mg/100 g), and arginine (4,427.3 mg/100 g) contents were high
in Pumpkin seed. In peanut, glycine (1,730.6 mg/100 g), leucine
(1,414.0 mg/100 g), proline (1,199.3 mg/100 g), phenylalanine
(1,298.2 mg/100 g), serine (1,537.9 mg/100 g), tyrosine (1,024.8
mg/100 g), aspartic acid (2,777.0 mg/100 g), glutamic acid
(5,649.5 mg/100 g), lysine (828.6 mg/100 g), and histidine (525.7
mg/100 g) contents were higher.
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isoleucine, proline, cysteine, methionine, phenylalanine) dominated
the protein compositions of nuts and seeds, ranging from 1,348.6
mg/100 g in dried figs to 10,284.6 mg/100 g in pumpkin seeds.
Hydrophilic amino acids (serine, threonine, tyrosine) dominated
seed protein compositions ranging from 341.1 mg/100 g in dried
figs to 3,008.8 mg/100 g in pumpkin seeds. Acidic amino acids
(aspartic acid, glutamic acid) were the next most prominent group
of proteins, ranging from 956.1 mg/100 g in dried figs to 8,426.5
mg/100 g in peanuts. Finally, basic amino acids (lysine, arginine,
histidine) ranged from 408.6 mg/100 g in dried figs to 4,915.1
mg/100 g in pumpkin seeds.

Fatty acid composition

Fatty acid compositions (Table 3) of the 11 nuts and seeds
evaluated in this study did not include eicosapentaenoic acid

Hydrophobic amino acids (alanine, glycine, valine, leucine,

Table 2. Amino acid classified by side chains (mg/100 g)

AAD(mg/100 g) Almond Walnut  Cashew nut Dried fig Sunflower seed Pumpkin seed Pine nut Wheat nut Macadamia Peanut Pistachio
Hydrophobic 7,769.6 5,270.6 7,238.3 1,348.6 8,809.4 10,284.6 4,732.7 4,930.7 2,612.8 10,091.5  8,166.9
Alanine 1,113.3 793.7 1,013.7 170.4 1,158.7 1,621.0 7451 714.7 381.2 1,454.4 1,074.3
Glycine 1,546.8 890.9 878.6 150.3 1,466.8 1,699.9 618.5 549.0 401.3 1,730.6 1,094.7
Valine 663.3 470.0 892.2 139.2 788.9 992.3 463.6 589.6 210.8 986.9 935.9
Leucine 1,066.1 776.1 1,116.3 177.8 1,068.8 1,452.2 733.1 742.7 337.6 1,414.0 1,231.1
Isoleucine 562.7 420.2 658.7 102.9 679.5 824.8 372.9 412.3 150.9 T47.7 675.2
Proline 829.3 501.3 703.8 391.5 961.2 914.3 539.9 773.5 297.6 1199.3 846.9
Cysteine 895.9 699.6 843.3 73.2 1,419.8 1017.5 640.2 419.8 564.9 1,002.8 1,077.8
Methionine 148.2 166.2 325.9 36.1 385.6 552.1 229.6 280.9 80.5 257.6 261.1
Phenylalanine 944.0 552.6 805.8 107.2 880.1 1,210.5 389.8 448.2 188.0 1,298.2 969.9
Hydrophilic 1,852.0 1,685.8 2,135.0 341.1 2,354.6 3,008.8 1,464.2 1,515.0 810.8 3,244.3 2,569.9
Serine 835.2 853.4 1,055.9 167.0 1,089.8 1,500.2 762.0 631.1 320.1 1,537.9 1,469.9
Threonine 488.5 421.2 582.8 113.6 708.5 683.9 323.3 493.6 203.3 681.6 597.0
Tyrosine 528.3 411.2 496.3 60.5 556.3 824.7 378.9 390.3 287.4 1,024.8 503.0
Acidic 7,119.9 4,083.5 5,722.8 956.1 6,344.0 6,941.3 3,543.9 3,370.1 2,276.0 8,426.5 5,759.8
Aspartic acid 1,774.7 1,158.3 1,462.5 538.9 1,613.8 1,931.7 956.8 990.3 587.1 2,777.0 1,410.0
Glutamic acid 5,345.2 2,925.2 4,260.3 417.2 4,730.2 5,009.6 2,587.1 2,379.8 1,688.9 5,649.5 4,349.8
Basic 3,215.2 2,953.5 3,318.2 408.6 3,262.9 4,915.1 2,866.6 1,792.9 1,472.6 4,738.5 3,5620.5
Lysine 613.5 430.1 813.5 147.0 676.7 636.0 419.6 825.8 288.0 828.6 991.7
Arginine 2,228.6 2,259.0 2,169.5 217.2 21734 4427.3 2,241.6 698.9 1,073.9 3,384.2 2,168.0
Histidine 3731 264.4 335.2 44.4 412.8 487.8 205.4 268.2 110.7 525.7 360.8
AAD, Amino acid distribution,
Table 3. Fatty acid composition of nuts and seeds sold in Korea (%/100 g)
Nuts and seeds EPA DHA DPA Ci20 Cuso0 Cis6o0 Ciso Co0 Co20 Coo SFA Ciet Cigt Co1 MUFA Cis2 Cigz  Co2 PUFA  Unknown
Almond - - - - 00 65 15 01 00 - 81 05 671 01 677 242 00 - 242 -
Walnut - - - - 00 63 27 01 00 - 91 01 139 02 142 616 151 - 76.7 -
Cashew nut - - - - 00 92 93 06 0.1 - 192 03 609 02 614 192 02 - 194 -
Dried fig - - - - 01 84 37 08 04 - 134 01 171 03 175 350 341 - 69.1 -
Sunflower seed - - - - 01 57 39 03 09 - 109 01 189 02 192 698 0.1 - 69.9 -
Pumpkin seed - - - - 01 126 46 04 0.2 - 179 01 352 01 354 465 02 - 46.7 -
Pine nut - - - 00 00 49 24 04 01 00 78 01 269 13 283 459 02 06 467 17.2
Wheat nut - - - 00 01 113 42 03 04 00 163 01 231 03 235 531 71 00 602 0.0
Macadamia - - - 01 10 83 39 27 07 00 167 181 609 23 813 16 01 00 17 0.3
Peanut - - - 00 00 113 33 15 25 11 197 01 426 09 436 366 01 00 367 0.0
Pistachio - - - - 01 109 15 01 01 - 127 10 578 04 592 276 05 - 28.1 -




86 Chemical composition of nuts and seeds

Table 4. Vitamin and mineral composition of nuts and seeds sold in Korea

(mglkg)
Nuts and seeds Vitamin A Vitamin E
Aimond ND" 24.4
Walnut ND 1.1
Cashew nut ND 0.1
Dried fig ND 0.6
Sunflower seed ND 60.3
Pumpkin seed ND 3.3
Pine nut ND 24.7
Wheat nut ND 8.2
Macadamia ND ND
Peanut ND 3.6
Pistachio ND 26

YND, Not detected,

(EPA), docosahexaenoic acid (DHA), or docosapentaenic acid
(DPA). The palmitic acid (Cie0) content of pumpkin seeds was
12.6%, which was the highest among the nuts and seeds evaluated
in this study. Stearic acid (Cis:) content was highest in cashew
nuts (9.3%). The saturated fatty acid (SFA) (Ciz0+ Ciao + Cigo
+ Ca0:0 + Ca20 + Caa0) contents of peanuts, cashew nuts, macada-
mia nuts, wheat nuts, dried figs, pistachios, sunflower seeds,
walnuts, and almonds were 19.7%, 19.2%, 16.7%, 16.3%, 13.4%,
12.7%, 10.9%, 9.1%, and 8.1%, respectively. With respect to
palmitoleic acid (Cie:1), the macadamia nuts were distinct in that
they contained a higher amount (18.1%) than the other nuts and
seeds, which contained 0.1% - 1.0% palmitoleic acid. Additionally,
the oleic acid (Cis.1) content of almonds was 67.1%, which was
the highest among the nuts and seeds, whereas it was 60.9%
in cashew and macadamia nuts. The highest content of linoleic
acid (Cis2) was 69.8% in the sunflower seeds, whereas
macademia nuts only contained 1.6% linoleic acid. The linolenic
acid (Cis;3) content of dried figs was 34.1%, whereas no linolenic
acid was detected in almonds.

All seeds primarily contained monounsaturated fatty acids
(MUFA) plus polyunsaturated fatty acids (PUFA) at levels
ranging from 74.9 % in pine nuts to 91.4 % in almonds. The
MUFA (Cie:1 + Cis: + Cyop1) contents of macadamia nuts, almonds,
cashew nuts, and pistachios were 81.3%, 67.7%, 61.4%, and
59.2%, respectively. The PUFA (Cis. + Cig3 + Cao:2) contents of
walnuts, dried figs, sunflower seeds, and wheat nuts were 76.7%,
69.1%, 69.9%, and 60.2%, respectively. The oleic acid, linoleic

acid, and palmitic acid contents of peanuts were 42.8%, 36.6%,
and 11.3%, respectively.

Vitamin A and vitamin E compositions

Vitamin A and E contents are shown in Table 4. Vitamin A
was not detected in any of the samples evaluated in this study,
and the macadamia nuts did not contain vitamin E. The vitamin
E contents of sunflower seeds, pine nuts, almonds, and wheat
nuts were 60.3 mg/kg, 24.7 mg/kg, 24.4 mg/kg, and 8.2 mg/kg,
respectively. In addition, trace amounts of vitamin E were
detected in cashew nuts (0.1 mg/kg).

Essential elements and heavy toxic elements composition

Fe, Zn, and Cu are essential elements while, Cd, and Pb are
heavy toxic elements (Table 5). The Fe contents of pumpkin
seeds (highest), pistachios, sunflower seeds, and cashew nuts
(lowest) were 95.85+33.01 ppm, 88.67 + 6.49 ppm, 81.84 +9.82
ppm, and 38.26 + 18.72 ppm, respectively (P <0.05). The Zn
content of pistachios (67.24 +30.25 ppm) was highest, whereas
that of macadamia nuts (9.01 +7.64 ppm) was lowest (P < 0.05).
The highest Cu content (25.45+21.51 ppm) was observed in
walnuts, whereas it ranged from 3.10-17.09 ppm in the remaining
nuts and seeds.

Cd contents ranged from 0.43-0.57 ppm. Pb content was
highest (25.49 +£4.64 ppm) in wheat nuts (P <0.05); however,
the Pb contents of almonds, walnuts, cashew nuts, pine nuts,
peanuts, and pistachios ranged from 0.73-18.62 ppm, and no Pb
was detected in dried figs, sunflower seeds, pumpkin seeds, or
macadamia nuts. The Pb and Cd contents of nuts and seeds seem
to be associated with the use of chemical fertilizers and pesticides.

Discussion

For peanuts, lipid content was 49.7 mg/100 g, protein content
was 30.5 mg/100 g, carbohydrate content was 14.9 mg/100 g,
and ash content was 2.9 mg/100 g. These results are consistent
with those of a previous study conducted by Cho [19], who
reported that the lipid content of peanuts in Korea ranges from
44.25%-46.48%, protein content ranges from 22.54-25.42%, total

Table 5. Essential elements and heavy toxic elements composition of nuts and seeds sold in Korea (ppm)

Sunflower Pumpkin
seed seed

Essential Fe 62.10 +5.86° 57.42+22.24° 38.26+18.72° 5205+ 18.35™ 81.84 +9.82° 9585+3301° 66.42+6.80° 53.26+6.81™ 57.68+823° 40.12+5307 8867+64F 0.05
elements 7, 19 15+ 1621® 1521+ 1285° 9.67 +8.19° 12381055 37.80+£1057° 475644022 30812612 2574+ 2212 9.01 £ 7.64° AN+1297 67.24+025 0.05
Cu 9.0947.73° 2545+2151° 562 +3.51% 3.10£2.64° 11.56+9.80° 10.17+861° 16.07+8.33 553 +2.91® 3.16 +2.34° 8.35+4.36™ 17.09+1445" 0.05

Heavy Cd 048+0.24 0.49+0.32 040+021 043+022 057+029 055+028 049+0.32 043+022 046+023 0.52+0.19 045+0.23 0.89
toxic

elements Pb 2.81+0.56° 3.43+0.22° 6.61+0.68° 0.00+0.00° 0.00+0.00*° 0.00+0.00° 0.73+0.25° 2549+4.64" 0.00+0.00° 18.62+2.25° 11.62+14F 0.05
Mean + SD.

Significant at £<0,05 by ANOVA-test,

Values with different alphabets were significant different among groups at £<0,05 by Duncan's multiple range test,

Almond Walnut ~ Cashew nut Dried fig Pine nut  Wheat nut Macadamia  Peanut Pistachio P-value
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sugars ranges from 12.05-12.20%, crude fiber ranges from 11.05-
11.10%, moisture content ranges from 4.30-4.68%, and ash
content ranges from 2.13-2.40%. Further, the lipid contents of
walnuts and pine nuts ranges from 69.3 mg to 69.8 mg/100 g,
protein content ranges from 14.4 mg to 17.3 mg/100 g and
carbohydrate contents range from 8.8 to 11.7 mg/100 g. These
findings are similar to the results of a study published by Lee
et al. [20], who reported that the lipid contents of walnuts and
pine nuts range from 67-70%, while protein contents are 15%
and carbohydrate content are 5-12%.

The amino acid contents of peanuts can be stratified as follows.
Glutamic acid > Arginine > Aspartic acid > Glycine > Serine >
Alanine > Leucine > Phenylalanine > Proline > Tyrosine > Cystein.
These findings are similar to those of a study conducted by Cho
[19], who reported that amino acid contents of peanuts are as
follows: Glu > Arg > Asp > Leu > Phe > Pro > Ala > Gly >
Val > Ser > Lys. Based on the FAO/WHO recommended essential
amino acid amounts for a 2- to 5-year-old child, lysine is the
primary essential limiting amino acid in Brazil nuts, cashew nuts,
hazelnuts, pine nuts, and walnuts, whereas sulfur amino acids
(Met + Cys) are the primary limiting essential amino acids in
almonds [3]. Tryptophan is the primary limiting amino acid in
macadamia nuts, pecans, and pistachios, whereas threonine is the
limiting essential amino acid in Virginia peanuts [3].

The SFA content was highest in peanuts. In a previous study
[21], the SFA contents of macadamia nuts, peanuts, pistachios,
walnuts, and almonds per 100 g of fat were 99 g, 61 g, 55 g,
50 g, and 45 g, respectively. These findings are consistent with
the results of a study conducted by Venkatachalam and Sathe [3].
Moreover, the palmitoleic acid content observed in macadamia
nuts in the current study is comparable to levels reported by
Maguire et al. [22] (17.3%), Kris-Etherton et al. [23] (23.0%),
and Kaijser ef al. [24] (17-34%). Ruggeri et al. [25] reported
that the oleic acid content of pine nuts is greater than 39.1.
Additionally, Nanos et al. [26] reported that Ferragnes and Taxas
almonds contained 74.7-80.8% and 72.7-74.8% oleic acid,
respectively, which are much higher than the 60.93% value
observed in the present study. The linoleic acid content of
almonds in the present study was 24.2%, which is within the
range of 8-39% reported in previously studies [3,25-27]. The
linoleic acid content of pistachio lipids was 27.6% in the present
study, whereas others have reported a level of 13.20% [28]. The
fatty acid profile of walnuts was distinctly different from those
of other nuts and seeds. Specifically, the linoleic acid content
of walnuts was much higher (61.6%) compared to the other
samples, which showed levels ranging from 1.6%-53.1%. In the
present study, walnuts also contained a higher amount of linolenic
acid (15.1%) than the other samples, which contained levels
ranging from 0.0%-7.1%. The linolenic acid content of walnuts
in the present study is consistent with the findings of other
studies, including 9-13% in six Portuguese walnut cultivars
[3,29], 11.2-13.5% in 10 walnut cultivars from New Zealand [30],
and 11.58% in one sample from Ireland. Additionally, various

studies [3] have reported intermediate amounts of linolenic acid
ranging from 5.8-7.0%. The MUFA (Cig:1 + Cis:i +Cao1) contents
were highest in the macadamia nuts. These findings are consistent
with the results of a previous study in which the MUFA contents
of macadamia nuts and walnuts were 524 g/100 g and 128 g/100
g, respectively. Fraser [21] reported that the PUFA content of
walnuts, almonds, and macadamia nuts are 352 g/100 g, 99 g/100
g, 12 g/100 g respectively. Conversely, Sabaté [31] reported that
the MUFA contents of macadamia nuts, pistachios, and almonds
are 82%, 72%, and 68%, respectively. In the present study, the
PUFA contents of walnuts, pine nuts, peanuts, and almonds were
66%, 45%, 34%, and 22%, respectively. Berry et al. [32] previously
applied almonds, olive oil, or avocados as a source of dietary
fat, thus increasing MUFA contents, whereas walnuts, safflower,
and soy were used to increase PUFA levels. In this study, the
oleic acid, linoleic acid, and palmitic acid contents of peanuts
were 42.8%, 36.6%, and 11.3%, respectively. These findings are
consistent with the results of previous studies [17], in which oleic
acid, linoleic acid, and palmitic acid contents were found to be
45.51%, 38.89%, and 11.22%, respectively.

Macadamia nuts did not contain any vitamin E, whereas
sunflower seeds contained the highest level (60.3 mg/kg). In a
previous study, Fraser [21] reported that the vitamin E contents
of almonds, peanuts, pistachios, and walnuts are 16.1 mg, 6.3
mg, 4.5 mg, and 3.1 mg, respectively, whereas vitamin E is absent
from macadamia nuts.

The highest Fe content was observed in pumpkin seeds (95.85
+33.01 ppm), the highest Zn level was observed in pistachios
(67.24 +30.25 ppm), the highest Cu content was observed in
walnuts (25.45+21.51 ppm), and the highest Pb level was
observed in wheat nuts (25.49 +4.64 ppm) (P <0.05). In previous
studies [18] that evaluated the mineral contents of nuts and seeds,
Ca ranged from 1,010-1,600 ppm, Zn ranged from 62.8-45.2
ppm, Fe ranged from 12.8-10.4 ppm, and Pb ranged from 2.6-4.1
ppm. The Pb contents of nuts and seeds in the present study
(cashew nuts 6.61 +0.68 ppm, wheat nuts 25.49 +4.64 ppm,
peanuts 18.62 +2.25 ppm, and pistachio 11.62 +1.42 ppm) were
higher than previously reported values (1-5 ppm) [18].

Generally, nuts and seeds are imported in Korea. Current
imported commercial nuts and seeds in Korea have no problems
related to nutritional contents. However, more precise analysis
of Pb content is required to ensure the safety of imported
products.
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