
ABSTRACT: Cold-pressed oil content of Cannabis sativa (hemp)
seeds from three different agro-ecological zones of Pakistan
ranged from 26.90 to 31.50%. Protein, fiber, ash, and moisture
content were found to be 23.00–26.50, 17.00–20.52, 5.00–7.60,
and 5.60–8.50%, respectively. Results of some other physical and
chemical parameters of the oil were as follows: iodine value,
154.00–165.00; refractive index (40°C), 1.4698–1.4750; density
(24°C), 0.9180–0.9270 mg mL−1; saponification value, 184.00–
190.00; unsaponifiable matter, 0.70–1.25%; and color (1-in. cell),
0.50–0.80 R + 27.00–32.00 Y. The induction period (Rancimat,
20 L h−1, 120°C) of the nondegummed and degummed oils ranged
from 1.35 to 1.72 h and from 1.20 to 1.49 h, respectively. Specific
extinctions at 232 and 270 nm were 3.50–4.18 and 0.95–1.43, re-
spectively. The hemp oils investigated were found to contain high
levels of linoleic acid, 56.50–60.50%, followed by α-linolenic,
oleic, palmitic, stearic, and γ-linolenic acids: 16.85–20.00, 10.17–
14.03, 5.75–8.27, 2.19–2.79, and 0.63–1.65%, respectively. To-
copherols (α, γ, and δ) in the nondegummed oils were found to be
54.02–60.40, 600.00–745.00, 35.00–45.60, respectively, and
were reduced to 29.90–50.00, 590.00–640.00, and 30.40–39.50
mg kg−1, respectively, after degumming. The results of the present
analytical study, compared with those found in the typical litera-
ture on hempseed oils, showed C. sativa indigenous to Pakistan to
be a potentially valuable nonconventional oilseed crop of compa-
rable quality.
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Cannabis is classified into the family Cannabaceae and has
three main types: C. sativa, C. indica, and C. ruderalis.
Cannabis sativa (the Latin term for “useful hemp”) is charac-
terized by long, thin flowers and spiky leaves. The plant is con-
sidered to be native of Western and Central Asia (Russia,
China, India, Pakistan, and Iran). It is particularly naturalized
in the sub-Himalayan tract in India, where it grows abundantly
in the wastelands from Punjab east to Bengal and Bihar and
south to Deccan (1). In Pakistan, hemp (C. sativa, locally
known as “bhang”) grows wild and is cultivated in some re-
gions of the Potwar Plateau, the North West Frontier Province
(NWFP), and the northern areas of Pakistan (2). The plant has

also been cultivated commercially in Europe and in parts of
China, Japan, and the United States for its fiber. 

Hemp is of economic and pharmaceutical importance
throughout the world. A low (0.3%) δ-9-tetrahydrocannabinol
(THC) form of industrial hemp is legal to grow, and the global
market for low-THC hemp is valued at $100–2000 million an-
nually (3).The hemp foliage and leafed branches have been
used as a sedative and narcotic drug known as Herba cannabis
(4). The narcotic drugs obtained from the hemp plant include
bhang or hashish, ganja, and charas (1). Essential oil obtained
from hemp contains volatile compounds, mainly monoter-
penes, sesquiterpenes, and other terpenoid-like compounds.
Hemp essential oil can be used for cosmetics, as an additive to
foods, and in aromatherapy (5). It has pesticidal applications as
well.

Hempseed is rich in vitamins A, C, and E; minerals; and β-
carotene and is claimed to have exceptional nutritional value
(6). It contains 20–25% protein, 20–30% carbohydrates,
25–35% oil, 10–15% insoluble fiber, and a rich array of miner-
als, particularly phosphorus, potassium, magnesium, sulfur,
and calcium along with modest amounts of iron and zinc, the
latter of which is an important enzyme co-factor for human FA
metabolism (7). Hempseed has long been used as a food ingre-
dient or crushed for oil and meal. Like soy flour, hempseed
flour contains adequate protein for the vegetarian diet. The
flour, which is characterized by a nutty flavour, adds a unique
culinary and healthy twist to baking. Hempseed, in addition to
its nutritional value, has demonstrated positive health benefits,
including lowering cholesterol and high blood pressure. It has
been consumed in food and folk medicinal preparations, or
used as a feed for birds and fish (3,7). 

Hempseed oil has a good taste and offers various advantages
over other vegetable oils. It is considered to be perfectly balanced
in regard to the ratio (3:1) of two PUFA essential for human nu-
trition, linoleic and linolenic acids. Additionally, because of the
high amount of PUFA and the presence of γ-linolenic acid,
hempseed oil is ideal as an ingredient in light body oils and lipid-
enriched creams, known for their ability to penetrate the skin (3).
Currently, hemp oil is used for personal care products such as lo-
tions, moisturizers, shampoos, and lip balms. This highly
polyunsaturated oil has uses similar to that of linseed oil (e.g., as
fuel for lighting, in printer’s inks, as a wood preservative), but
also has been used as a raw material for detergents and soaps
(3,7). The quality of hemp oil is currently under investigation to
improve the economic and environmental performance of this
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nonconventional crop through innovative uses of its components
or by-products (3).

The availability of hempseed is expected to increase owing to
a renewed demand for hemp fiber to make paper and clothing.
The versatility of the hempseed lends itself to the development
of numerous products for the food, cosmetic, therapeutic, func-
tional food, and nutraceutical industries. Climatic conditions or
the date of harvest may influence the maturity of the seeds.
Hempseed production and its properties vary widely, depending
mainly on the harvest date and on the agroclimatic and geo-
graphical conditions in which it is grown. Grigoryev (8) reported
variations in the content of hempseed oil and in the tocopherol
and FA profile of oils from different locations in Russia.

The ever-increasing demand for vegetable oils, coupled
with current awareness about the nutritional and functional role
of fats in human diet, has made it essential to characterize ad-
ditional vegetable oil sources to be explored as specialty oils.
Hence, a great deal of interest is currently being focused on the
possibility of exploiting the vast numbers of less-familiar plant
resources. Many reports on some lesser known nonconven-
tional seeds and fruits indicate that they could be good sources
of nutrients for both humans and livestock (9). 

Although Pakistan is an agrarian country, its indigenous
vegetable oil resources do not meet its domestic requirements.
Consequently, enormous quantities of oil are now imported to
meet local demands. Because hemp is distributed in Pakistan
on a wide scale, great potential exists to explore hempseed oil
from Pakistan as a specialty oil. A wide variety of parent rock
and soil types are found in Pakistan, which might exert consid-
erable influence on the composition and properties of
hempseed oil. To date, a full characterization of the hempseed
oil indigenous to Pakistan has not yet been reported. In this
context, as a part of our ongoing systematic characterization of
nonconventional oilseed crops (10,11), we have assayed hemp
(C. sativa) seeds from their natural habitats in Pakistan and
conducted a comprehensive analysis. The primary objective of
the present study was to conduct a detailed analysis and inves-
tigate the physicochemical characteristics of hempseed oil na-
tive to three different agro-ecological zones in Pakistan. Our
analytical findings were correlated with those of literature re-
ports to accelerate efforts to establish a global database for this
valuable oilseed crop.

EXPERIMENTAL PROCEDURES

Materials. Hemp (C. sativa) seeds (2.0 kg of each sample) were
assayed from three different provenances in Pakistan. Three
samples of dry seeds from wild hemp from each of three agro-
ecological regions, i.e., Lahore (Wagah, Punjab; sample LHR),
Jehlum (Sarai Alimgir, Punjab; sample JHL), and Swat (ap-
prox. 75 miles from Saidu Sharif near Kalam Marghazar,
NWFP; sample SWT), were harvested. The seeds were identi-
fied and authenticated by Dr. Muhammad Ashraf Chairmaim,
Department of Botany, University of Agriculture, Faisalabad.
All reagents (analytical and HPLC) used were from E. Merck
(Darmstadt, Germany) or Sigma Aldrich (Buchs, Switzerland).

Pure standards of tocopherols [DL-α-tocopherol, (+)-δ-tocoph-
erol, (+)-γ-tocopherol] and FAME were obtained from Sigma
Chemical Co. (St. Louis, MO).

Oil extraction and moisture content. After removing the
seed impurities, the oil was extracted by cold pressing. Prior to
pressing, samples were dried in a vacuum oven at 60°C to a
4–5% moisture content. For thermal conditioning prior to
pressing, dried seeds were cooked at 60°C for 5 min. Pressing
was done in a manual hydraulic press for 20 min in the range
of 35–50 MPa. Except for a small quantity of oil (for tocoph-
erol and Rancimat analyses), the recovered oil from different
batches was further degummed. 

Degumming of oils. The oil to be degummed was heated at
70°C on a water bath. Hot water was added to a final volume
of 18% and mixed for 10 min with the aid of a glass rod. After
cooling, the oil was centrifuged (1221 × g) for 10 min in 100-
cm3 tubes in an automatic refrigerated centrifuge (CHM-17;
Kokusan Denki, Tokyo, Japan) (10). The degummed and cen-
trifuged oil was left in contact (stirred) with anhydrous sodium
sulfate for approximately 5 min, filtered through a filter paper
by gravity in a vaccum-drying oven (VOC-300 SD; Eyela,
Tokyo, Japan) at 50°C, and stored in separate sealed bottles
under refrigeration (0–4°C) until used for the Rancimat and to-
copherol analyses. 

Analysis of oilseed residues. After oil extraction, the
hempseed residue was analyzed for protein, fiber, and ash con-
tent. The protein content was determined according to a semi-
automated FOSFA official method (12). The samples of meal
were digested for 10 min with a digestion mixture of sulfuric
acid/hydrogen peroxide/potassium sulfate, with selenium diox-
ide as a catalyst. The final end point in the ammonia titration
was measured photometrically.

Fiber content was estimated according to an ISO method
(13). A finely ground sample (2.5 g) of meal was weighed and
freed from fat by a 15-mL n-hexane extraction. The test por-
tion was boiled with sulfuric acid (0.255 mol L−1), followed by
separation and washing of the insoluble residue. The residue
was then boiled with sodium hydroxide (0.313 mol L−1), fol-
lowed by separation, washing, and drying. The dried residue
was weighed and ashed in a muffle furnace (TMF-2100; Eyela)
at 600°C, and the loss of mass was determined. 

Ash content was determined according to an ISO method
(14). Two grams of the test portion was taken and carbonized
by heating on a gas flame. The carbonized material was then
ashed in an electric muffle furnace at 550°C until a constant
mass was achieved.

Analysis of extracted oil. (i) Physical and chemical parame-
ters of oils. Iodine value, refractive index, density, saponifica-
tion value, and unsaponifiable matter were determined by vari-
ous standard AOCS methods (15). The color of the oil was de-
termined by a Lovibond tintometer (Tintometer Ltd., Salisbury,
Wiltshire, United Kingdom) using a 1-in. cell. Specific extinc-
tions at 232 and 270 nm were determined using a Hitachi U-
2001 spectrophotometer, model 121-0032. Samples of oil were
diluted with iso-octane, and spectra were recorded in the UV
region, with absorbance values recorded at 232 and 270 nm,
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and ε1%
1cm (λ) calculated following the standard IUPAC

method (16).
(ii) Oxidative stability. An automated Metrohm Rancimat

apparatus, model 679, capable of operating over a temperature
range of 50–200°C, was used to determine induction periods
of the degummed and nondegummed oils. Testing was carried
out at 120 ± 0.1°C, and oxidative stability was measured fol-
lowing a procedure described elsewhere (17). Briefly, oil (2.5
g) was carefully weighed into each of six reaction vessels and
analyzed simultaneously. Induction periods of the samples
were recorded automatically and corresponded to the break
point of the plotted curves.

(iii) FA composition. FAME were prepared according to
IUPAC method 2.301 and were analyzed on a Shimadzu gas
chromatograph, model 17-A, fitted with a methyl lignoserate-
coated (film thickness 0.25 µm) SP-2330 polar capillary column
(30 m × 0.32 mm; Supelco Inc., Supelco Park Bellefonte, PA),
and an FID. Oxygen-free nitrogen was used as a carrier gas at a
flow rate of 5.0 mL min−1. Other conditions were as follows: ini-
tial oven temperature, 180°C; ramp rate, 5°C min−1; final tem-
perature, 220°C; injector temperature, 230°C; detector tempera-
ture, 250°C; and temperature hold, 2 min before the run and 10
min after the run. A sample volume of 1.5 µL was injected.
FAME were identified by comparing their relative and absolute
retention times with those of authentic standards. A data-han-
dling program, Chromatography Station for Windows (CSW32),
was used for quantification. The FA composition was reported
as a relative percentage of the total peak area.

(iv) Tocopherol content. Tocopherol (α, γ, and δ) analysis
was carried out by HPLC following the method of Thompson
and Hatina (18) with slight modifications. One gram of oil was
accurately weighed and made up to volume with heptane in a
10-mL volumetric flask wrapped in foil to inhibit oxidation. A
Hitachi L-6200 HPLC unit coupled with a Hitachi F-1050 fluo-
rescence detector was used. A 20-µL sample was injected into
a LiChrosorb SI-60 column (250 × 4.6 mm; Supelco Inc.)
packed with LiChrosorb SI 605 (5 µm), which was fitted with
a 50 × 50 mm (i.d.) guard column with He-Pellosil packing. A
mobile phase of dry heptane/water-saturated heptane/2-
propanol (50.0:48.5:1.5) was used at the rate of 1.4 mL min−1.
Detection was performed at an excitation wavelength of 290
nm and an emission wavelength of 325 nm. Tocopherols were

identified by comparing the retention times with those of pure
standards of α-, γ-, and δ- tocopherols, and were quantified on
the basis of peak area percentages of the unknowns with those
of pure standards (Sigma Chemical Co.). Quantification was
based on an external standard method. A D-2500 Hitachi Chro-
matointegrator model with a built-in computer program for
data handling was used for quantification.

Statistical analysis. Three hemp oilseed samples were as-
sayed from each region and analyzed individually in triplicate;
data are reported as means ± SD (n = 3 × 3).

RESULTS AND DISCUSSION

Data for the analysis of hemp (C. sativa) oilseeds and extracted
oils from three different agro-ecological regions of Pakistan are
summarized in Tables 1–5. Values for the present analysis are
given as means ± SD for three hemp oilseed samples from each
region, analyzed individually in triplicate. The content of cold-
pressed oil ranged from 26.90 to 31.50% (Table 1). The oil con-
centration was highest (31.50%) in the seed samples collected
from the vicinity of Swat (wet mountainous region in the
NWFP of Pakistan), whereas the seeds assayed from hemp
plants grown in the periphery of Lahore (a semiarid zone with
hot summers and cold winters, at an altitude approx. 540 ft
above sea level) were the lowest in oil content (26.90%). The
seed samples harvested from Jhelum, which is located in a salt
range on the Potwar Plateau (a semiarid zone, almost humid,
with hot summers and cold winters, located at an altitude ap-
prox. 1700 ft above sea level) contained 28.20% of oil.

Hemp is naturalized and grows wild in a mild, humid cli-
mate with a temperature range of 60–80°F. It is mainly distrib-
uted in the NWFP and grows abundantly along the roadsides
in the northern regions of Pakistan, but is sparsely cultivated in
the Lahore region and other parts of the country. In contrast to
the Lahore region, the former region, i.e., Swat, is located at a
higher altitude (2500–7500 ft above sea level) in the sub-Hi-
malayan tract of the NWFP, a colder zone in which the average
temperature is low and the climate is humid, with mild sum-
mers and very cold winters. Furthermore, the soil texture in the
Swat region, which covers high mountains interrupted by wide
and narrow valley plains and plateaus, ranges from silt loam to
silty clays, whereas the soil texture of the Lahore region is
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TABLE 1
Analysis of Hemp (Cannabis sativa) Seedsa

Literature

Sample Sample Sample Mölleken et al. Grigoryev Bagci et al.
Constituent (%) LHR JHL SWT (19) (8) (4)

Oil content 26.90 ± 0.50 28.20 ± 0.35 31.50 ± 0.28 30 30–35 31.79
Protein content 23.00 ± 0.37 26.50 ± 0.45 24.95 ± 0.55 25–30 20–25 NR
Fiber content 20.52 ± 0.71 18.48 ± 0.47 17.00 ± 0.66 NR NR NR
Ash content 5.00 ± 0.39 7.60 ± 0.42 6.00 ± 0.40 NR NR NR
Moisture content 8.50 ± 0.24 6.82 ± 0.18 5.60 ± 0.28 NR NR NR
aValues are means ± SD, calculated as the percentage of dry seed weight for three hemp (C. sativa) seed samples analyzed
individually in triplicate. Sample LHR, sample collected from Lahore; Sample JHL, sample collected from Jhelum; Sample
SWT, sample collected from Swat; NR, not reported.



loamy clay. The large variation in seasonal temperature and the
soil texture specific to the Lahore region might have been the
two major factors contributing to the reduced oil content of
hempseed in this region. 

The average oil content (28.87%) of hempseed from differ-
ent agro-ecological regions of Pakistan was slightly lower than
that reported by Mölleken et al. (19) from Germany (30.00%)
and Bagci et al. (4) from Turkey (31.79%). However, the oil
content of hempseed indigenous to Pakistan was considerably
lower than that reported from different cultivation areas of Rus-
sia (30–35%) (8). Such variation in oil yield of hempseed
across countries might be attributed to the agro-climatic condi-
tions of the regions.

The range (26.90–31.50%) of hempseed oil content from
different agro-ecological regions as compared with those of
some conventional and nonconventional oilseed crops, was
found to exceed those of cottonseed (15.0–24.0%), soybean

(17.0–21.0%), and olive (20.0– 25.0%) grown in the United
States, Brazil, China, and other Asian and European countries
(20). It was comparable to that of Salicornia bigelovii
(27.2–32.0%) (11) but lower than that of Moringa oleifera
(33.23–40.90%) (10).

Analysis of the oilseed residue of hempseed from different
agro-ecological regions revealed a high protein content, ranging
from 23.00 to 26.50%, whereas the fiber, ash, and moisture con-
tents were in the ranges of 17.00–20.52%, 5.00–7.60%, and
5.60–8.50%, respectively. The value of the protein content of the
hempseed investigated was comparable to those reported by
Grigoryev (8) (20–25%), but lower than those reported by
Mölleken (19) (25–30%). Compared with conventional oilseed
crops, the protein content of hempseed was higher than those of
safflower (20–22%), sunflower (16.50–19.60%), and cottonseed
(19.40%) but comparable to those of linseed (24%), sesame seed
(20–25%), and mustard seed (25–35%) (20). Hempseed protein
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TABLE 2
Physiochemical Properties of Hemp (C. sativa) Seed Oila

Constituent Sample LHR Sample JHL Sample SWT

Refractive index (40°C) 1.4698 ± 0.004 1.4714 ± 0.002 1.4750 ± 0.004
Density (24°C, mg mL–1) 0.9180 ± 0.003 0.9235 ± 0.003 0.9270 ± 0.003
Saponification value (mg KOH/g of oil) 190.00 ± 1.86 185.60 ± 1.40 184.00 ± 1.73
Iodine value (g of I/100 g of oil) 154.00 ± 1.65 159.20 ± 1.29 165.00 ± 1.58
Unsaponifiable matter (% w/w) 0.70 ± 0.04 0.94 ± 0.04 1.25 ± 0.05
Color (1-in. cell) 

Red units 0.50 ± 0.10 0.70 ± 0.15 0.80 ± 0.14
Yellow units 27.00 ± 1.30 29.00 ± 1.60 32.00 ± 1.20

aValues are means ± SD of three hemp (C. sativa) oils, analyzed individually in triplicate. For abbreviations see Table 1.

TABLE 3
Determination of the Oxidative State of Hemp (C. sativa) Seed Oila

Constituent Sample LHR Sample JHL Sample SWT

Conjugated diene ε1%
1cm (λ232) 3.50 ± 0.12 3.62 ± 0.15 4.18 ± 0.15

Conjugated triene ε1%
1cm (λ270) 0.95 ± 0.06 1.15 ± 0.10 1.43 ± 0.09

Oxidative stability, Rancimat method (h)
Nondegummed oil 1.72 ± 0.13 1.43 ± 0.10 1.35 ± 0.12
Degummed oil 1.49 ± 0.11 1.17 ± 0.09 1.20 ± 0.14

aValues are means ± SD of three hemp (C. sativa) oils, analyzed individually in triplicate. For abbreviations see Table 1.

TABLE 4 
FA Composition (g/100 g of FA) of Hemp (C. sativa) Seed Oila

Literature

Deferne Mölleken and
Sample Sample Sample Rossell Aitzetmüller and Pate Callaway Kuhn Theimer Orhan Grigoryev Bagci Oomah

FA LHR JHL SWT (21) (28) (7) et al. (23) (25) (26) et al. (6) (8) et al. (4) et al. (3)

16:0 8.27 ± 0.18 5.75 ± 0.16 6.02 ± 0.20 5.60 6.70 6–9 7.00 NR 6.23 8.53 7.05 6.53 6.60
18:0 2.19 ± 0.15 2.79 ± 0.13 2.40 ± 0.10 2.60 2.60 2–3 3.22 NR 2.65 3.06 2.50 2.64 2.70
18:1 14.03 ± 0.14 13.10 ± 0.19 10.17 ± 0.17 10.60 16.40 10–16 15.15 NR 10.22 NR 11.20 15.21 10.10
18:2 56.50 ± 1.00 58.30 ± 1.00 60.50 ± 0.80 59.40 53.10 50–70 56.24 52.00 56.42 54.66 54.40 50.46 54.30
18:3α 16.85 ± 0.45 18.75 ± 0.57 20.00 ± 0.39 19.40 16.10 15–25 15.95 18.00 18.60 33.72 20.78 20.09 19.10
18:3γ 1.65 ± 0.07 1.24 ± 0.05 0.63 ± 0.05 NR 1.10 1–6 0.94 2.00 2.45 2.01 4.75 0.58 3.60
18:4 ND ND ND NR 0.40 NR 0.39 NR NR NR 1.40 0.34 NR
20:2 ND ND 1.00 1.90 0.80 NR NR NR 1.02 NR 0.70 0.70 1.40
aValues are means ± SD of three hemp (C. sativa) oils, analyzed individually in triplicate. ND, not detected; for other abbreviations see Table 1.



is readily digestible, as it is primarily composed of edestin and
albumin, which are components of human blood plasma (7).
However, heat-treating whole hempseed denatures this protein
and renders it insoluble, possibly affecting digestibility. The
crushed hempseed by-product is suitable for animal feed and as
a human staple because of its spectrum of amino acids (which
includes all eight of those essential to the human diet) as well as
its carbohydrates and the small amount of residual oil (7). The
present analysis showed the meal to be a good source of protein,
which could be added to human and poultry diets as a source of
nutrition and calories. It could also be used as a fertilizer and as
a potential animal foodstuff as a source of nutrition and calories,
providing value-added by-products.

The moisture content of the hempseed in the present analy-
sis was comparable to those of sunflower (6.0–9.0%), palm
(5.9–8.5%), and rapeseed (6.0–9.0%). The fiber content was
lower than that of cottonseed (22.6%) but significantly higher
than those of soybean (4.8%), sesame seed (12.0%), and sun-
flower seed (13.2–15.7%) (20).

Various physical and chemical parameters of the extracted
hemp oil are given in Table 2. The values determined for iodine
value (154.00–165.00 g of iodine/100 g of oil), refractive index
at 40°C (1.4698–1.4750), density at 24°C (0.9180–0.9270),
saponification value (184.00–190.00 mg of KOH/g of oil), and
unsaponifiabe matter (0.70–1.25%) for hempseed oil native to
different agro-ecological regions of Pakistan could not be com-
pared with the literature, as no previously reported data on these
parameters in hempseed oils were available with which to com-
pare with our present work. The iodine value of hempseed oils
was, however, higher than those of cottonseed (99–119 g of io-
dine/100 g of oil), soybean (120–143 g of iodine/100 g of oil),
and sunflower oils (110–143 g of iodine/100 g of oil) but lower
than that of linseed oil (155–205 g of iodine/100 g of oil) (21).
The refractive index at 40°C was higher than that of most veg-
etable oils reported in the literature (21). The saponification value
was within the range of cottonseed, olive, pumpkin seed, and saf-
flower oils (21). The color (0.50–0.80 R + 27.00–32.00 Y) of the
hempseed oils investigated was lower in yellow and red units
than those of some other nonconventional vegetable oils (10,11).
The intensity of the color of vegetable oils depends mainly on
the presence of various pigments, such as chlorophyll and
carotenoids, which are effectively removed during the degum-
ming, refining, and bleaching steps of oil processing. Vegetable
oils with minimum color index values are more suitable for edi-
ble and domestic purposes.

The oxidation parameters of hemp oil native to Pakistan are
shown in Table 3. The specific extinctions at 232 and 270 nm,
which reveal the oxidative deterioration and purity of the oils
(22), ranged from 3.50 to 4.18 and 0.95 to 1.43, respectively.
These specific extinction values were somewhat higher that
those of some nonconventional oils such as M. oleifera and S.
bigelovii seed oils (11). The average induction period (Ranci-
mat: 20L/h, 120°C), which is a characteristic of the oxidative
stability of oils and fats (17), of nondegummed hemp oil from
different agro-ecological regions of Pakistan was 1.50 h (range
1.35–1.72 h). After degumming, the induction periods of the
oils were decreased to 1.29 h (range 1.20–1.49), a reduction of
14.00% (range 11.11–18.18%) in oxidative stability, which
could be attributed to the degumming process. No previously
reported data on nondegummed hempseed oil were available
with which to compare the induction period results from our
present work. Because of the high content of PUFA, hempseed
oil is fairly unstable and becomes rancid quickly unless pre-
served.

Table 4 shows the FA composition of hempseed oils indige-
nous to Pakistan. The contents of palmitic and stearic acids in
the hempseed oils ranged from 5.75 to 8.27 and 2.19 to 2.79%,
respectively. The oils were found to contain a high level of un-
saturation (89.03–91.39%). The contents of linoleic acid
(18:2n-6) ranged from 56.50 to 60.50%, followed by α-
linolenic (18:3n-3) and oleic acid (18:1n-9), with ranges of
16.85–20.0 and 10.17–14.03%, respectively. A small amount
of γ-linolenic acid (18:3n-6), ranging from 0.63 to 1.65%, was
also detected.

The average content (58.43%) of the major FA, i.e., 18:2,
was appreciably higher than the values in hempseed oils re-
ported by Rossell (21) and Callaway et al. (23), whereas it var-
ied somewhat compared with those in the hempseed oils inves-
tigated by Yazicioglu and Karaali (24), Kuhn (25), and Bagci et
al. (4). The concentration of 18:3α was notably lower than those
reported by Yazicioglu and Karaali (24) and Orhan et al. (6) but
was comparable to the values reported by Kuhn (25), Oomah et
al. (3), and Mölleken and Theimer (26). Literature reports have
shown that hempseed oil contains a variety of FA, with linoleic
(18:2) and linolenic (18:3) acids predominating (3,7,27,28).
Rumyantseva and Lemeshev (29) reported that 18:2 and 18:3
usually account for approximately 50–70% and 15–25%, re-
spectively, of the total FA content of the hempseed oil.

The contents of 16:0 and 18:0 in the hempseeed oils from
Pakistan were comparable to those reported by Rossell (21),
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TABLE 5
Comparison of Tocopherol in Hemp (C. sativa) Seed Oila

Nondegummed oil Degummed oil Literature

Tocopherols Sample Sample Sample Sample Sample Sample Grigoryev Oomah Bagci
(mg kg–1) LHR JHL SWT LHR JHL SWT (8) et al. (3) et al. (4)

α 60.40 ± 1.40 41.80 ± 2.00 54.02 ± 0.90 50.00 ± 1.90 29.90 ± 0.90 48.50 ± 1.10 254.70 34.00 42.23
γ 650.00 ± 4.50 600.00 ± 12.90 745.00 ± 10.20 590.00 ± 9.60 570.00 ± 8.70 640.00 ± 8.50 NR 733.00 664.90
δ 45.60 ± 2.50 42.30 ± 1.85 35.00 ± 2.20 39.50 ± 1.40 36.10 ± 1.50 30.40 ± 2.10 148.70 25.00 2.46
aValues are means ± SD of three hemp (C. sativa) oils, analyzed individually in triplicate. For abbreviations see Table 1.



Aitzetmüller (28), Deferne and Pate (7), Mölleken and Theimer
(26), and Oomah et al. (3) but varied from those of Mehmedic
(27), Yazicioglu and Karaali (24), Callaway et al. (23), and
Orhan et al. (6). The concentration of 18:1 was slightly higher
than the values reported by Rossell (21), Mölleken and
Theimer (26), Oomah et al. (3), and Grigoryev (8) but lower
than those reported by Yazicioglu and Karaali (24), Deferne
and Pate (7), Callaway et al. (23), and Bagci et al. (4). γ-
Linolenic acid (1.20%), an unusual FA found in the present
analysis, was well in line with the studies by Aitzetmüller (28);
was higher than those reported by Bagci et al. (4) and Callaway
et al. (23); and was lower than those reported by Deferne and
Pate (7), Kuhn (25), Mölleken and Theimer (26), Orhan et al.
(6), Oomah et al. (3), and Grigoryev (8). There have been re-
ports that except for one variety from Jamaica, all the hemp
cultivars contain varying quantities of γ-linolenic acid (26). The
occurrence and distribution of γ-linolenic acid in the plant king-
dom may have chemotaxonomic significance in some families
(30). γ-Linolenic acid is highly appreciated and of considerable
interest for its dietary uses and medicinal attributes. γ-Linolenic
acid is one of the important FA used as both a health nutrient
and a therapeutic agent, and only recently have its potential
physiological benefits been extensively investigated (4,30).
The high content of EFA of nutraceutical value present in
hempseed oil ensures the regulation of membrane fluidity by
stabilizing the lipid bilayer, and it might be useful in reducing
cholesterol in the blood and thus agonistic against atheroscle-
rosis (31). However, a high degree of unsaturation renders
hempseed oil extremely sensitive to oxidative rancidity. Be-
cause heat or light accelerates the degradation, the oil is unsat-
isfactory for frying or baking, although moderate heat for short
periods is probably tolerable (7).

Table 5 shows the content of different tocopherols in the
nondegummed (crude) and degummed hempseed oils as deter-
mined by HPLC. The average levels of α-, γ-, and δ-tocoph-
erol in the nondegummed oils from different agro-ecological
regions were 52.07 (range 41.80–60.40), 665.00 (range
600.00–745.00), and 40.97 mg kg−1 (range 35.00–45.60 mg
kg−1), respectively. After degumming, the contents were re-
duced to 42.80 (range 29.90–50.00), 600.00 (range
570.00–640.00), and 35.33 mg kg−1 (range 30.40–39.50 mg
kg−1), reductions of 17.80, 9.77 and 13.77% in the contents of
α-, γ-, and δ-tocopherol, respectively. This loss of tocopherol
content might be attributed to the oil degumming process, be-
cause most of the steps involved during processing and storage
reduce the level of tocopherols (21). The content of α-tocoph-
erol in the present analysis was in agreement with the values
reported by Bagci et al. (4) from Turkey. The contents of α-
and δ-tocopherol were considerably lower than those reported
by Grigoryev (8) from Russia. However, the concentration of
δ-tocopherol was well in line with those reported by Bagci et
al. (4) and Oomah et al. (3). Among the tocopherols, the α-ho-
molog shows the highest vitamin E activity, whereas the δ-iso-
mer exhibits potent antioxidant activity. Our current findings
suggest that hempseed oil would be a good source of important
tocopherols. As with many of the other traits, no previously re-

ported data on the tocopherol contents of degummed hempseed
oils are available in the literature.

The results of the present analysis showed that the fatty acid
composition of hempseed oil native to Pakistan falls in the cate-
gory of high linoleic and α-linolenic acids and contains a ratio
of 18:2n-6 to 18:3n-3 of 3.15:1.0, which is quite close to the rec-
ommended nutritional ratio of 3:1. Hemp grows wild over vast
areas of the upper Punjab, the NWFP, and the northern areas of
Pakistan; thus, it appears to be a potentially valuable crop, yield-
ing a useful oil that might be an acceptable substitute for high-
linoleic oils such as soybean, sunflower, corn, and cottonseed
oils as dietary fats. Our present investigations revealed that
hemp oil indigenous to Pakistan could be utilized successfully
as a valuable source of EFA (18:2n-6, 18:3n-3) of nutraceutical
value. It could also be used in the preparation of various food
commodities because of its nutritional and therapeutic attrib-
utes, and could be used with other high-oleic vegetable oils for
the preparation of nutritionally balanced oil blends. 

ACKNOWLEDGMENT

I would like to express my sincere gratitude to Professor Dr.
Muhammad Iqabal Bhanger, Director, National Center of Excel-
lence in Analytical Chemistry, University of Sindh, Jasmhoor, Pak-
istan, and Dr. Tahira Iqbal, Associate Professor, Department of
Chemistry, University of Agriculture, Faisalabad, Pakistan, for their
kind assistance and guidance in the completion of this manuscript. 

REFERENCES
1. Council of Scientific and Industrial Research, The Wealth of

India (A Dictionary of Indian Raw Materials and Industrial
Products). Vol. II: Raw Materials, Council of Scientific and In-
dustrial Research, New Delhi, 1962, pp. 58–65.

2. Qaiser, M., Cannabaceae, in Flora of West Pakistan, edited by
E. Nasir and S.I. Ali, Department of Botany, University of
Karachi, Karachi, Pakistan, 1973, pp. 1–5.

3. Oomah, B.D., M. Busson, D.V. Godfrey, and J.C.G. Drover,
Characteristics of Hemp (Cannabis sativa L.) Seed Oil, Food
Chem. 76:33–43 (2002).

4. Bagci, E., L. Bruehl, K. Aitzetmüller, and Y. Altan, A Chemotaxo-
nomic Approach to the Fatty Acid and Tocochromanol Content of
Cannabis sativa L. (Cannabaceae), Turk. J. Bot. 27:141–147 (2003).

5. Turner, C.E., M.A. ElSohly, and E.G. Boeren, Constituents of
Cannabis sativa L. XVII. A Review of the Natural Constituents,
J. Nat. Prod. 43:169–243 (1980).

6. Orhan, Ü., S. Kumenoglu, and B. Sener, GC–MS Analysis of
the Seed Oil of Cannabis sativa L. Cultivated in Turkey, J. Fac.
Pharm. Gazi Univ. 17:79–81 (2000).

7. Deferne, J.L., and D.W. Pate, Hemp Seed Oil: A Source of
Valuable Essential Fatty Acids, J. Int. Hemp Assn. 3:1, 4–7
(1996).

8. Grigoryev, S., Hemp Germplasm and Breeding Sticks in Aspects
of Fatty Acid Profile and Tocopherols. Possible Usage in Medicine
as Antioxidants, http://www.chanvreinfo.ch/info/en/rubrique1
9.html (accessed July 2005).

9. Ezeagu, I.E., C.C. Metges, J. Proll, K.J. Petzke, and V.A.J.
Akinsoyinu, Chemical Composition and Nutritive Value of
Some Wild-Gathered Tropical Plant Seeds, Food Nutr. Bull.
17:275–278 (1996).

10. Anwar, F., M. Ashraf, and M.I. Bhanger, Interprovenance Vari-
ation in the Composition of Moringa oleifera Oilseeds from
Pakistan, J. Am. Oil Chem. Soc. 82:45–51 (2005).

328 F. ANWAR ET AL.

JAOCS, Vol. 83, no. 4 (2006)



11. Anwar, F., M.I. Bhanger, M.K.A. Nasir, and S. Ismail, Analyti-
cal Characterization of Salicornia bigelovii Seed Oil Cultivated
in Pakistan, J. Agric. Food Chem. 50:4210–4214 (2002).

12. Federation of Oils Seeds and Fats Association (FOSFA) Inter-
national, Manual of the Federation of Oils Seeds and Fats Asso-
ciation, FOSFA International, London, 1982, p. 277.

13. International Organization for Standardization (ISO), Animal
Feeding Stuffs—Determination of Nitrogen and Calculation of
Crude Protein Content, ISO, Geneva, 1981, ISO Standard 5983.

14. International Organization for Standardization (ISO), Oilseed
Residues—Determination of Total Ash, ISO, Geneva, 1977,
ISO Standard 749.

15. American Oil Chemists’ Society (AOCS), Official and Recom-
mended Practices of the AOCS, 5th edn., AOCS Press, Cham-
paign, 1997.

16. International Union of Pure and Applied Chemistry (IUPAC),
Standard Methods for the Analysis of Oils, Fats and Derivatives,
7th rev. edn., edited by C. Paquot and A. Hautfenne, Blackwell
Scientific, London, 1987.

17. Anwar, F., M.I. Bhanger, and T.G. Kazi, Relationships of Ranci-
mat and AOM Values at Varying Temperatures for Several Oils
and Fats, J. Am. Oil Chem. Soc. 80:151–155 (2003).

18. Thompson, J.N., and G. Hatina, Determination of Tocopherols
and Tocotrienols in Foods and Tissues by HPLC, J. Liquid
Chromatogr. 2:327–344 (1979).

19. Mölleken H., R. Mothes, and S. Dudek, Quality of Hemp Fruits
and Hemp Oil in Relation to the Maturity of the Fruits, Biore-
sour. Hemp (Wolfsburg):13–16, www.nova-institut.de (accessed
July 2000).

20. Pritchard, J.L.R., Analysis and Properties of Oilseeds, in Analy-
sis of Oilseeds, Fats and Fatty Foods, edited by J.B. Rossel and
J.L.R. Pritchard, Elsevier Applied Science, New York, 1991, pp.
39–102.

21. Rossell, J.B., Vegetable Oil and Fats, in Analysis of Oilseeds, Fats
and Fatty Foods, edited by J.B. Rossell and J.L.R. Pritchard, Else-
vier Applied Science, New York, 1991, pp. 261–319.

22. Yoon, S.H., S.K. Kim, M.G. Shin, and K.H. Kim, Corporative
Study of Physical Methods for Lipid Oxidation Measurement,
J. Am. Oil Chem. Soc. 68:1487–1489 (1985).

23. Callaway, J.C., T. Tennilä, and D.W. Pate, Occurrence of
“Omega-3” Stearidonic Acid (cis-6,9,12,15-octadecatetraenoic

acid) in Hemp (Cannabis sativa L.) Seed, J. Int. Hemp Assn.
3:61–63 (1996).

24. Yazicioglu, T., and A. Karaali, On the Fatty Acid Composition
of Turkish Vegetable Oils, Fette Seifen Anstrichm. 85:23–30
(1983), reprinted in Die Datenbank Samenfette/Nachwachsende
Rohstoffe (SOFA). Möglichkeiten der Suche nach ungewöhn-
lichen Fettsäuren und deren Teilstrukturen im Pflazenreich,
edited by K. Aitzetmüller, B. Matthäus, and M. Schmitz-Peters,
Renewable Resources Series, Agency for Renewable Resources,
Gülzow, Germany, 2001, Vol. 18, pp. 116–124.

25. Kuhn, M., Agric. Biol. Res. 50:26–31 (1997), reprinted in Die
Datenbank Samenfette/Nachwachsende Rohstoffe (SOFA).
Möglichkeiten der Suche nach ungewöhnlichen Fettsäuren und
deren Teilstrukturen im Pflazenreich, edited by K. Aitzetmüller,
B. Matthäus, and M. Schmitz-Peters, Renewable Resources Se-
ries, Agency for Renewable Resources, Gülzow, Germany,
2001, Vol. 18, pp. 116–124.

26. Mölleken, H., and R.R. Theimer, Survey of Minor Fatty Acids
in Cannabis sativa L. Fruits of Various Origins, J. Int. Hemp
Assn. 4:13–17 (1997).

27. Mehmedic, Z., Actes du Congress International “Chevreul” pour
l’Etude des Corps Gras. Tome 1, presented at the Premier Con-
gress Eurolipid Angers, June, 6–9, 1989.

28. Aitzetmüller, K., Seed Fatty Acids, Chemotaxonomy and Re-
newable Sources, in Oils–Fats–Lipids 1995: Proceedings of the
21st World Congress of the International Society for Fat Re-
search, P.J. Barnes & Associates, High Wycombe, United King-
dom, 1996, pp. 117–120.

29. Rumyantseva, L.G., and N.K. Lemeshev, Current State of Hemp
Breeding in the C.I.S., J. Int. Hemp Assn. 1:49–50 (1994).

30. Qiu, X., H. Hong, N. Dalta, D.W. Reed, M. Truska, Z. Hu, P.S.
Covello, and S.L. MacKenzie, Production of Nutraceutical Fatty
Acids in Oilseed Crops, in Advanced Research on Plant Lipids,
edited by N. Murata, M. Yamada, I. Nishida, H. Okuyama, J.
Sekiya, and W. Hajime, Kluwer Academic, Dordrecht, The
Netherlands, 2003, pp. 403–406.

31. Heldt, H.W., Pflanzenbiochemie, 2nd edn., Springer-Verlag,
Heidelberg, Berlin, 1996.

[Received July 18, 2005; accepted January 23, 2006]

CHARACTERIZATION OF PAKISTANI HEMP SEED OIL 329

JAOCS, Vol. 83, no. 4 (2006)


