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Abstract

In order to find out new sources of premium quality edible oil in the country, seeds of ten varieties of Sorghum bicolor were initially
analyzed for their total oil contents. The seed oil was later fractionated into eight fatty acids including two new saturated fatty acids. The
oil contents were determined by Soxhlet method and compared with the results obtained by NMR analysis. The total oil contents in the
seeds of sorghum ranged from 5.0 to 8.2 % (w/w), indicating non significant difference obtained by two different techniques. The results
revealed that oleic acid (31.12–48.99%), Palmitoleic acid (0.43–0.56%), linoleic acids (27.59–50.73%), linolenic acid (1.71–3.89%), stearic
acid (1.09–2.59%) and palmitic acid (11.73–20.18%) was present in the seed oil of different sorghum varieties when analyzed by GC–MS.
It was observed that in most of the varieties polyunsaturated fatty acids (PUFA) were higher than monounsaturated fatty acids
(MUFA). The two atypical SFAs, octanedioic (C8:0) and azelaic acid (C9:0) were found in some varieties. These results suggest that
these S. bicolor varieties could be additional sources of edible oil due to presence of clinically important saturated and high concentration
of unsaturated fatty acids. A large scale production of the seed oil after refining process can contribute towards alleviation of edible oil
shortage in the country with increased use of premium quality oil.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

One of the important facets of cereal crops is their
diverse pool of fatty acids. The oilseeds containing peculiar
fatty acids are industrially important because of their char-
acteristic properties. The main constituent of all the oils is
the fatty acids which may include saturated fatty acids
(SFA), monounsaturated fatty acid (MUFA) and polyun-
saturated fatty acid (PUFA) that contribute in human
physiology in different ways. Vegetable oil not only pro-
vides high quality food, containing essential nutrients for
the life, but also bestow bioactive compounds that have
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particular clinical significance. For examples, PUFAs are
present either as component of membrane phospholipids
in specific tissue or a precursor of hormone like prostaglan-
dins (Patil & Gislerød, 2006). As the saturated fatty acids
increase the risks of cardiovascular diseases, cancer and
autoimmune disorders (Iso et al., 2002), oils being source
of lipids, are of more nutritional value if they have more
unsaturated to saturated fatty acid ratio (Aronson et al.,
2001). Further more, the fatty acids with some pharmaco-
logical significance have caught the attention of both con-
sumer and industries in the recent years.

Sorghum bicolor L. Monech is a drought resistant low
input cereal crop grown throughout the world, can be an
alternative source of oil having clinical advantages. Genus
sorghum includes many species and subspecies, including
grain sorghum, grass sorghum, sweet sorghum and broom-
corn. It is used as food, animal feed, fibers as in wall board,
fences, biodegradable packing material and for ethanol
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production (Rooney & Waniska, 2000). In most of the
countries, sorghum is used primarily as animal feed, but
in Africa and India, it is a staple food for million of people
(Agrama & Tuinstra, 2003). Rooney and Waniska (2000)
reported that crude fat contents of sorghum are higher
than wheat and rice but lower than that of maize. Although
the cereal crops with low oil contents may not confer much
as domestic oil source but their importance is due to their
fatty acid constituents having some atypical advantages.
Today a variety of vegetable oil and fat products have been
developed with knowledge of their physical and chemical
properties obtained through application of scientific
research and development (O’Brien, 1998).

Therefore keeping in view the importance of biochemi-
cal analysis of sorghum, the present study was conducted
to assess the fatty acid composition of oil obtained from
different varieties of Sorghum bicolor by solvent extraction
and subjected to GC and GC–MS.

2. Materials and methods

2.1. Plant materials

The seeds of S. bicolor used in this study were purchased
from Millet station, Rawalpindi (Pakistan) and study was
conducted during July–October, 2006. All chemicals used
in this study were A grade and obtained from sigma.

The seed samples of Sorghum varieties were analyzed for
their total oil contents, which was further fractionated into
saturated and unsaturated fatty acids. The samples were
prepared according to the methodology described by the
Laboratory Analytical Procedure (Hames, 2004) and
stored at �20 �C for further analysis.

2.2. Oil determination using Soxhlet and 1H NMR

The oil contents were analyzed by AOAC method,
920.85 (AOAC., 1990) with Soxhlet apparatus. In the
Soxhlet extraction procedure, 5 g of the crushed seeds (80
mash) was packed in a thimble and the oils were extracted
with diethyl ether for 6 h. For 1H NMR study, whole seeds
were used after drying at 50 �C for more than 3 h subse-
quently cooled at room temperature in a desiccator. The
NMR used in this study was Newport 4000 Analyzer from
Oxford Analytical Instruments Ltd. UK, and study was
conducted by following method described previously by
Tomi, Bradesi, Bighelli, and Casanova (1995). The instru-
ment was calibrated with one point calibration using one
of the Sorghum variety 84-Y-00, (having less standard
deviation as compared to other). The accuracy of NMR
calibration was checked by the samples prepared by solvent
extraction.

2.3. Analysis of fatty acids

The lipid extracts from the Sorghum varieties were
mixed with boron trifluoride (BF3)–methanol reagent
(20%) and fatty acids were converted into the methyl ester
derivatives (Morrison & Smith, 1964). The methyl esters of
the fatty acids were dissolved in CHCl3 and analyzed by
GC and GC–MS.

2.4. Gas chromatography (GC) conditions

GC analysis was performed on an Agilent 6890N Net-
work GC system, under the following conditions: column,
HP Innowax Capillary; 60.0 m � 0.25 mm � 0.25 lm; oven
temperature programme, the column held initially at 60 �C
for 3 min after injection, then increased to 185 �C with
10 �C/min heating ramp for 1 min and increased to
200 �C with 5 �C/min heating ramp for 10 min. Then the
final temperature was increased to 220 �C with 5 �C/min
heating ramp for 20 min; injector temperature, 250 �C;
detector (FID) temperature, 275 �C; carrier gas, He; inlet
pressure, 40.65 psi; linear gas velocity, 39 cm/s; column flow
rate , 2.7 ml/min; split ratio, 40:1; injected volume, 1 lL.

2.5. Gas chromatography–mass spectrometry (GC–MS)

conditions

GC–MS analysis was performed on an Agilent 6890N
Network GC system combined with Agilent 5973 Network
Mass Selective Detector. The GC conditions were as fol-
lows: column: HP Innowax Capillary (60.0 m � 0.25
mm � 0.25 lm); oven temperature program: the column
held initially at 60 �C for 3 min after injection, then
increased to 185 �C with 10 �C/min heating ramp for
1 min and increased to 200 �C with 5 �C/min heating ramp
for 10 min. Then the final temperature was increased to
220 �C with 5 �C/min heating ramp for 20 min; injector
temperature: 250 �C; carrier gas: Helium; inlet pressure:
40.65 psi; linear gas velocity: 44 cm/s; column flow:
2.9 ml/min; split ratio: 40:1; injection volume: 1.0 lL. MS
conditions were regulated as follows; ionization energy:
70 eV, ion source temperature: 280 �C; interface tempera-
ture: 250 �C; mass range: 35–450 atomic mass units.

Identification of the components was assigned by com-
parison of their retention times and mass spectra with cor-
responding data from reference compounds and by
comparison of their mass spectra with Wiley and Nist
libraries.

2.6. Data analysis

Data analysis was performed using one way ANOVA
variance and expressed in the form mean, standard devia-
tion and % age values.

3. Results

The comparison of soxhlet and NMR analysis for total
oil contents from seed of S. bicolor varieties (Fig. 1) and
analysis of saturated and unsaturated fatty acids (Tables
1 and 2) by GC–MS (Fig. 2) are given in this section.
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Fig. 1. Comparison (%) of total seed oil of Sorghum bicolor varieties
analyzed by Soxhlet and NMR techniques. Data points represent the
mean value from three experiments. The error bar represents the standard
deviation.
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According to the results obtained by Soxhlet method
and their analysis by ANOVA, the highest percentage of
oil among the ten varieties was 8.4% found in seed of vari-
ety 86-G-87. While the lowest was found in DS-97-1 seeds
(5%). All other varieties were with less variation in their
contents (Fig. 1).

NMR technique is used to determine the oil contents in
oil seeds (having oil contents higher than 20%) on routine
basis but not well reported in the seeds having low amount
Table 1
Percentage* (%) of saturated fatty acids analyzed by GC–MS and their retent

Sorghum varieties Octanedioic acid Rt,
17.33 min

Azelaic acid Rt,
18.71 min

84-Y-00 – –
84-Y-01 – –
85-G-83 – –
86-G-87 – 0.23 ± 0.01
DS-97-1 – 1.15 ± 0.30
Mr. Buster – 0.19 ± 0.01
PARC SS1 0.09 ± 0.008 0.04 ± 0.001
RARI S-3 0.30 ± 0.01 1.88 ± 0.14
RARI S-4 0.37 ± 0.02 1.78 ± 0.12
YSS 9 – 0.16 ± 0.06

SFA: saturated fatty acid.
* Values represent the average of three replicates ± standard deviation (SD)

Table 2
Percentage* (%) of unsaturated fatty acids analyzed by GC–MS and their rete

Sorghum

varieties
Oleic acid Rt.
24.13 min

Palmitoleic acid Rt. 20.16
Min

Linolei
Min

84-Y-00 36.19 ± 0.09 0.50 ± 0.002 47.38 ±
84-Y-01 39.67 ± 0.61 0.44 ± 0.08 45.21 ±
85-G-83 31.12 ± 0.006 0.51 ± 0.01 50.73 ±
86-G-87 45.73 ± 1.38 0.56 ± 0.02 37.50 ±
DS-97-1 39.84 ± 0.70 – 39.45 ±
Mr. Buster 34.64 ± 1.30 0.48 ± 0.03 43.96 ±
PARC SS1 35.34 ± 0.48 0.43 ± 0.003 46.79 ±
RARI S-3 48.99 ± 1.66 0.53 ± 0.16 27.59 ±
RARI S-4 44.40 ± 3.25 – 29.67 ±
YSS 9 39.33 ± 0.87 0.44 ± 0.02 42.75 ±

MUFA: monounsaturated fatty acid.
PUFA: polyunsaturated fatty acid.

* Values represent the average of three replicates ± standard.
of oil. Therefore, NMR technique was optimized for this
study and the results of both techniques were compared
with each other (Fig. 1). No significant difference was
found between the mean values of seed oil obtained from
both techniques. Important distinguishing features between
these methods are the time and the amount of solvent
needed for an exhaustive extraction. Although Soxhlet
extraction is the official method of determining oil content
in oilseed crops (AOAC, 1990), but, the procedure is
lengthy, laborious, and relatively hazardous. This tech-
nique fails when there is large number of seeds to be ana-
lyzed with in short period of time. Therefore, an alternate
method is needed to analyze a large number of different
seed samples in short time, such as NMR. As this method
is non destructive, seed samples remain viable after analysis
but because of its requirement for intensive calibration by
solvent extraction methods it is classified as secondary ana-
lytical technique.

The principal fatty acid components in the Sorghum
seed oils were palmitic (16:0), linoleic (18:2), and oleic
(18:1) acids (Tables 1 and 2). Most of the varieties contain
linoleic acid as a major unsaturated fatty acid when ana-
lyzed by GC–MS (Fig. 2) but three varietal seed, i.e. 86-
G-87, RARI S-3 and RARI S-4, contain oleic acid as the
major fatty acid constituent. Only one variety, DS-97-1,
ion times (Rt)

Palmitic acid Rt,
19.77 min

Stearic acid Rt,
23.56 min

Total SFA

12.85 ± .01 1.27 ± 0.02 14.12
11.73 ± 0.08 1.09 ± 0.05 12.82
12.82 ± 0.01 1.21 ± 0.001 14.03
12.19 ± 0.65 1.85 ± 0.64 14.27
20.18 ± 1.02 – 21.33
14.21 ± 0.77 1.40 ± 0.006 15.80
11.83 ± 0.05 1.32 ± 0.07 13.28
18.46 ± 1.09 1.82 ± 0.21 22.46
17.33 ± 1.24 1.75 ± 0.14 21.23
13.44 ± 0.57 2.59 ± 1.77 16.19

.

ntion times (Rt)

c acid Rt. 25.37 Linolenic acid Rt.
27.24 min

Total
MUFA

Total
PUFA

0.09 1.82 ± 0.02 36.69 49.2
0.58 1.88 ± 0.03 40.11 47.09
0.24 – 31.63 50.73
1.24 1.92 ± 0.10 46.29 39.42
1.02 – 39.84 39.45
2.20 1.78 ± 0.08 35.12 45.74
0.02 3.89 ± 0.01 35.77 50.68
0.45 – 49.52 27.59
1.88 – 44.40 29.67
1.98 1.71 ± 0.07 39.77 44.46



Fig. 2. Spectra of GC–MS for fatty acid analysis from different Sorghum bicolor varieties.
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contains equal percentage of linoleic and oleic acids. Other
unsaturated fatty acid includes linolenic acid (18:3), present
in many varieties and palmitoleic acid (16:1) present in all
varieties except DS-97-1 and RARI S-4. Two new satu-
rated fatty acids not reported earlier in S. bicolor found
in this study were, octanedioic acid (C8:0) and azelaic acid
(C9:0) Total amount of unsaturated fatty acids in Sorghum
seeds varies from 74.07% in RARI S-4 to 87.2% in 84-Y-01.
In most of the varieties, PUFAs were higher than MUFAs
except 86-G-87, RARI S-3, and RARI S-4 where the con-
centration of MUFA is higher than PUFA. It was observed
that variety DS-97-1 showed different behavior as it con-
tained an equal percentage of PUFA and MUFA, lacking
in palmitoleic acid and containing higher concentration of
palmitic acid (11.73–20.18%). The fatty acids composition
of seed oil , linoleic acid (27.59–50.73 %,) , oleic acid
(31.12–48.99%,) palmitoleic acid (0.43–0.56%) linolenic
acid (1.71–3.89%) and stearic acid (1.09–2.59%) was similar
to that of corn fat but was more unsaturated (Rooney &
Waniska, 2000) These results suggested that the S. bicolor

seed oils may serve as a potential dietary source of MUFA
and PUFA.
4. Discussion

It has been recognized that a diet rich in MUFAs may be
an alternative choice to low-fat diet, which may lower blood
cholesterol levels (Hargrove, Etherton, Pearson, Harrison,
& Kris-Etherton, 2001), modulate immune function
decrease susceptibility of oxidation of LDL and improve
the fluidity of HDL (Villa et al., 2002). The PUFAs enriched
diet may also be important for the structure and function of
many membrane proteins, including receptors, enzymes,
and active transport molecules (Yaqoob, 2002).

Some of Sorghum varieties also contains two atypical
saturated fatty acids, (Table 1), octanedioic acid (suberic
acid, 8:0) and nonanedioic acid (azelaic acid, 9:0) those were
not previously reported in S. bicolor. Octanedioic acid was
present only in three varieties, PARC SS 1, RARI S-3, and
RARI S-4, while azelaic acid was absent in three varieties,
84-Y-00, 84-Y-01, and 85-G-83. The important facet of aze-
laic acid is that it serves as antibacterial, reduces the growth
of bacteria in the follicle (Tapiero, Ba, Couvreur, & Tew,
2002), keratolytic and comedolytic, returns to normal the
disordered growth of the skin cells lining the follicle (Hung
et al., 2000, a scavenger of free radicals, and reduces inflam-
mation (Passi, Picardo, De Luca, Breathnach, & Nazzaro-
Porro, 1991). In all Sorghum varieties investigated, palmitic
acid was present in higher percentage among the saturated
fatty acids. Less variation was also observed in stearic acid
contents among all the varieties studied.
5. Conclusion

It is concluded that seed oil obtained from different vari-
eties of Sorghum could be alternative source of edible oil
due to presence of all saturated and unsaturated fatty acids
required for human health. This is the first study on the
fatty acid compositions of S. bicolor varieties and it is
expected that further studies on the quality aspects of
Sorghum bicolor varieties will highlight its future ranking
as a high grade edible oil source.
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