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Abstract: Extraction of wheat germ oil with two different solvents (n-hexane and chloroform/ methanol) was 
carried out to study their effect on oil quality and quantity as well as their efficiency on the extraction of the 
active polynutrients. The studied bioactive minor components were tocols, whole sterols and sterylglycosides. 
HPLC was used to determine tocols and sterylglycosides of the extracted oils. Whereas, capillary GLC was 
employed to determine whole sterols and fatty acids compositions. It was found that total tocols in wheat germ 
oil extracted with chloroform/ methanol was higher than those of n-hexane extracted oil. It was also found that 
α- tocopherols and β-tocotrienols   were the major components of wheat germ oil. Concerning sterols, β-
sitosterol and campesterols were the major components in both whole sterols and sterylglycosides of wheat 
germ oil. In addition GLC analysis of fatty acids showed that linoleic acid, as essential fatty acid, is the 
principal component followed by oleic acid. In addition, chemical properties of extracted wheat germ oils such 
as peroxide, acid, iodine and saponifiction values as well as color intensity were carried out. The results of 
extracted WG were compared with those of cottonseed oil extracted with the same solvents under the same 
conditions. The results indicated that the type of the solvent extraction has a great influence on the yield of 
tocols, sterols, sterylglycosides as well as fatty acids.  
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Introduction 

 
 Fats and oils play an important role in the food industry and are essential part of human nutrition. Wheat 
germ oil (WGO) has received much attention as one of the richest natural source of vitamin E as well as 
essential unsaturated fatty acids, which cannot be synthesized by the human body.  WGO processing presents 
challenges due to its high content of oil rich in polyunsaturated fatty acids and bioactive compounds. These 
compounds are prone to oxidation and degradation under the conditions used for conventional edible oil 
extraction and refining methods. WG is a by-product of the wheat milling industry and constitutes about 2-3% 
of the wheat grain and can be separated in a fairly pure form from the grain during the milling process (Kringset 
et al., 2000, Krings, and Berger, 2001). WG contains about 11% oil (Dunford, and Zhang 2003, Hassanein and 
Abdel-Razek, 2009). The oil can be used in products such as foods, pharmaceuticals, cosmetic formulations and 
biological insect control agents (Kahlon, 1989). WGO has a reasonable amount of total tocopherol, up to about 
1300ppm, and also a high content of alpha-tocopherol, which represents around 70% of the total content 
(Hassanein  and Abdel-Razek, 2009). The oil is also highly valued for its high content of unsaturated fatty acids 
(about 79%) consisting mostly of linoleic (18:2) and linolenic (18:3) acids (Hassanein  and Abdel-Razek, 2009), 
both of which are of great importance in human metabolism and cannot be synthesized by the body. They are 
precursors of a group of hormones called prostaglandins, which play an important role in muscle contractions 
and in the proper healing of inflammatory processes (Coultate, 1989). Furthermore, linoleic acid helps to 
eliminate cholesterol and is a precursor of cell membrane phospholipids (Salinas, 1993). Solvent extraction is a 
common method of extraction of oils from vegetable matter, whereas, WGO is obtained by either mechanical 
pressing or solvent extraction. Although solvent extraction usually recovers more of WGO (90%) than pressing 
(50%) (Singh and Rice, 1979), pressing is usually preferred by consumers because WGO obtained by this way is 
perceived as ''natural''. Normal hexane is commonly used for edible oil extraction (Anonymous, 2002). The 
search for alternative solvents was prompted by the 1990 Amendments to the Clean Air Act, which listed n-
hexane as a hazardous air pollutant. According to Taniguchi et al., (1985) the alpha- and beta-tocopherol content 
of supercritical carbon dioxide (SC-CO2) extracted oil were similar to those of hexane extracted oil. However, 
Molero Gomez and Martinez de la Ossa (2002) reported higher tocopherol content in the SC-CO2 extracted 
material, as compared to that of the hexane extracted oil. Shao et al., (2008) found that the fatty acid 
composition of WGO extracted by supercritical fluid extraction (SFE) was similar to that of the oil extracted by 
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hexane. Eisenmenger and Dunford (2008) also showed that methods used for oil extraction and refining did not 
have a remarkable effect on the fatty acid composition of the oil, whereas SC-CO2 extracted oil had higher 
tocopherol content than that of commercially hexane extracted oil. Geet et al., (2002) reported that the yield of 
beta-tocopherol in WGO extracted by SFE-CO2 was much higher than that present in chloroform/methanol 
extract. However, the solution of chloroform/methanol showed a stronger solvent power to extract beta-
tocopherol form WGO (Hassanein and Abdel-Razek 2009). Finally, Zacchi et al., (2006) found that petroleum 
ether extracted WGO showed the highest values for fatty acids and tocopherol contents. 
 The objective of this work was to focus mainly on the minor biologically active lipid components of WGO 
extracted by n-hexane in comparison with WGO extracted with chloroform / methanol to show their significant 
effect on quantity and quality parameters of the oil. The minor biologically active lipid components tocols, 
namely, tocopherol and tocotrienols (as vitamin E components) and sterylglycosides (SG's) were analyzed using 
HPLC. Moreover, the isolated sterols, as their TMS derivatives, of the oil were elucidated by capillary GLC. 
These minor components confer natural stability and health promoting effect to the oil. In addition, the study 
was extended to determine the profile of the fatty acid by GLC to show the content of essential FA.  Moreover, 
chemical properties of WGO such as peroxide, acid, iodine and saponifiction values as well as color intensity 
were determined. Components of WGO were compared with those of cottonseed oil (CSO), as the most 
common edible oil in Egypt. 
 
Material and Methods 

 
Materials: 
 
 Three lots of wheat germ, directly after milling, were obtained from Milling Organization, North Cairo. 
Each lot of the germ was separately ground (average size 0.35 to 0.50 mm). Delinted cottonseeds were obtained 
from Agricultural Research Centre (season 2009) and cleaned from undesirable materials. The seeds were 
ground to a mesh size 0.35 to 0.50 mm. The ground seeds from three lots of WG and CS were extracted 
separately with n-hexane and chloroform/ methanol. 
 
Authentic Samples: 
 
 Standard tocopherols and tocotrienols(alpha-,beta-,gamma-and delta); sterols (campe-,stigma-,beta-sito-
,isofuco-,7-stigma-and avenasterols); fatty acid methyl esters (C16-C24 saturated and unsaturated) were 
purchased from Sigma Com. Standard free and acylated sterylglycosides were kindly obtained from Dr. Tateo 
Murui of Nisshin Oil Mills Yokohama, Japan. 
 
Methods: 
 
Extraction of Oils: 
 
 A ground sample from each lot of WG and CS was soaked for two hours in n-hexane or 
chloroform/methanol (2/1, v/v), with intermittent stirring, the extraction process was repeated two times (each 
time with a fresh solvent). The extracts from each lot were combined, filtered, dried over anhydrous sodium 
sulphate and then evaporated under reduced pressure at 50ºC The resulting three oils were blended together to 
get a representative WGO and CSO samples. The oil samples were kept in a stoppered dark glass vial in the 
refrigerator till analysis. 
 
Oil Content:  
 
 Oil content in WG and CS was determined by means of Soxhlet extraction apparatus using n-hexane (40-
60oC) and chloroform/methanol (2:1v/v) (AOCS, 1998).  
 
Oil Properties: 
 
 The extracted WG and CS oils were analyzed for their acid value as mg KOH/g, peroxide value as meq /kg 
of oil and iodine value as g/100g of oil as described in AOCS, 1998. Color intensity is expressed as the 
absorbance at 430 nm of a 1% oil solution in chloroform using a Shimadzu spectrophotometer UV-240 
(Taniguchi et al., 1985).  
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Quantification and Analysis of Tocols (Tocopherols and Tocoterinols) and Their Patterns: 
 
 HPLC analysis of tocopherols in the oil samples as well as the standard mixture was carried out using 
Toyo-Soda-CCPM HPLC instrument. An oil sample (10 g) was dissolved in n-hexane to make 10 % solution 
and 10µl of this solution was injected into silica column (YMC- A- 012, silica 6.0 x150 mm). Isocratic elution 
was conducted using n-hexane: isopropyl alcohol (100:0.5, by volume) as a mobile phase, at a flow rate of 1 - 2 
ml / min. Hitachi-650-10S fluorescence detector was used. Spectral absorption was set at excitation and 
emission wave lengths of 295 and 325 nm respectively. The conditions were optimized to elute delta-T after 10 
min; the results were automatically recorded as peak area percentages by electronic integrator. From the peak 
area and the corresponding weight of each individual tocopherol in the standard and in the sample, the total 
tocopherols content in the oil as well as the percentage compositions were calculated (EL-Mallah et al., 1994; 
2003; EL-Shami et al., 1994). 
 
Quantification of Whole Sterols and Their Patterns: 
 
 Whole sterols were isolated from the prepared unsaponifiable fraction(AOCS, 1998) by preparative TLC on 
silica gel G plates (0.5 mm thickness) using chloroform / diethyl ether / acetic acid (95 / 4/ 1 by volume) 
mixture as a developing solvent. The sterol zone was located with the help of standard beta-sitosterol (Rf =0.16) 
applied alongside the sample prior to development. The sterol zone was scraped off the plate and thoroughly 
extracted with moistened diethyl ether and the solvent was distilled off under reduced pressure. The sterol 
mixtures of the sample as well as the standard were converted into trimethylsilyl derivatives (TMS) (Christie, 
1973; Udo, 1991). 
 Hewlett Packard-HP 5890-A gas chromatograph, was employed for analysis of TMS sterols using the 
following operating conditions: column, DB-17 (0.32 mm x 15 m, 0.25 µm film thickness) ; column 
temperature, 245ºC, injection temperature at 250ºC; detector, FID at 260ºC; carrier gas, Helium (8.6 ml / min) 
and split ratio, 35:1. An automatic integrator was coupled directly to the detector. TMS sterols mixture of the 
standard (containing known percentages of sterols) was used for identification and quantification of the sterols 
in each oil sample. The area under each peak was measured by an automatic integrator. 
 
Sterylglycosides Profiles of Free and Acylated Sterols (FSG and ASG): 
 
 The procedure of separation from the oil, derivatization into sterylglycoside 1-anthroyl nitrile (SG-1 AN) 
and HPLC analysis were carried out according to El-Mallah et al. (1994 and 1999) and Murui et al. (1993). FSG 
and ASG were separated from the oil by injecting the oil solution into silica gel cartridge (Sep-Pak, Waters) and 
were eluted with chloroform: methanol (1:1 v/v). The mixed compounds were subsequently fractionated into 
pure FSG and ASG with the help of preparative TLC. Chloroform / methanol / formic acid mixture (90/15/1, 
v/v/v) was used as a developing solvent. Only ASG fraction was subjected to alkaline hydrolysis (0.5N KOH in 
isopropanol) to obtain FSG. The original and obtained FSG were derivatized separately, into SG-1-AN 
according to the same methods mentioned above.                                                        
 HPLC instrument, equipped with UV detector (Toso, UV 8000) and ODS Wakosil-5, C18 (6.4 mm x250 
mm) was used for SG-1-AN analysis. Gradient elution with acetonitrile / dichloromethane (from 50/50 to 68/32 
v/v) was used and absorption was measured at 254 nm. It is noteworthy to mention that this method is sensitive 
to 0.5 nanogram of SG.  
 All the methods were calibrated with standard substances and all the results recorded were the mean of two 
concordant replicates. 
 
Fatty Acid Pattern: 
 
 Oil samples were converted into methyl esters using 5% HCL in methanol (Christie, 1973) and the mixture 
was refluxed at 70 - 80 ºC for one to two hours till complete transesterfication. The reaction was monitored with 
the help of TLC to ensure the conversion of the oils into methyl esters using n-hexane:  diethyl ether: acetic acid 
(80: 20: 1, v / v / v), as a developing solvent. The methyl esters were kept in dark vials and stored until use at 
10ºC. 
 Hewlett Packard-HP 5980-A gas chromatograph was employed for the analysis of the methyl esters under 
the following  operating conditions: column, DB-23 (0.32 mm x30 m);temperature programming, 150 - 230ºC, 
3ºC / min; injector temperature, 230ºC; detector, FID at 240ºC; carrier gas, Helium at flow rate of  1.3 ml / min 
and split ratio, 100 : 1. Peak areas were determined by an electronic integrator and percentages compositions of 
fatty acids were automatically calculated. Calibration was made using the standard fatty acid methyl esters.  
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 All the data were the mean of two concordant replicates and the difference did not exceed more than       
0.2-0.4. 
 
Results and Discussions 

 
Characteristics: 
 
 Table 1 shows the chemical characteristic (PV, SV, IV and AV) and the yields of WGO and CSO extracted 
with n-hexane and chloroform / methanol, as well as color intensity of WGO and CSO. Concerning the yield of 
WGO extracted with n-hexane it amounted to 10.0% whereas, chloroform / methanol extraction gave 10.5% oil. 
On the other side, CSO yield was 20% and 21.7% oil respectively.  PV, SV, IV and AV of WGO extracted by n-
hexane showed higher values than in case of oil extracted with chloroform/ methanol. With respect to color 
intensity E1%

 1cm at 430nm, the WGO shows low values than those of CSO. This may be due to certain color 
pigments present in CSO mainly gossypol. 
 
Table 1: Chemical characteristic of WGO in comparison with those of CSO. 

Oils Extraction Method Yield (%) 
PV meq 
(O2/kg) 

SV 
(mg/g) 

IV (g/100g) AV(mgKOH/g) Color Intensity 

W
G

O
 

n-Hexane 10.0 1.1 182 120 5.0 0.176 
Chloroform/Methanol 10.5 0.9 180 115 4.5 0.168 

C
S

O
 n-Hexane 20.0 1.5 192 105 2.0 0.271 

Chloroform/Methanol 21.7 1.3 189 101 2.7 0.204 

 
Tocopherols Content and Their Patterns: 
 
 Table 2, illustrates the total tocols (mg/100g oil) content as well as their compositions of WGO and CSO. It 
can be seen that the total tocol contents of both WG and CSO extracted with chloroform / methanol were higher 
than those extracted with n-hexane. On the other side, total tocol content of WGO was much higher than that of 
CSO. The tocols profile of WGO extracted with both two solvents shows that α-tocopherol was the major 
component followed by β-tocotrienols, γ-tocopherol, β-tocopherol and α-tocotrienols as minor constitutes but 
higher amounts of α- and γ-tocopherols were noticed in case of chloroform / methanol extracted sample. Similar 
amounts of α-tocopherol in WGO were found by Hassanein and Abdel-Razek 2009. 
 Concerning the tocol profile of CSO extracted with n-hexane and chloroform/ methanol, it contained two 
components only, namely, α- and γ-tocopherols. Comparing the efficiency of extraction of both solvents, it 
seems that chloroform/ methanol mixture was superior to n-hexane but n-hexane is better for nutrition purpose. 
 
Table 2: HPLC analysis of tocol in WGO in comparison with those of CSO. 

Oils Extraction Method 
mg/ 100g Tocol Composition % 

Total Tocol Total T Total T3 α-T α-T3 β-T β -T3 γ-T 

W
G

O
 

n-Hexane 274.3 227.0 47.3 72.3 0.5 2.2 20.0 5.0 

Chloroform/Methanol 295.5 249.0 46.5 73.4 0.7 2.0 18.3 5.6 

C
SO

 

n-Hexane 62.0 62.0 - 51.0 - - - 49.0 
Chloroform/Methanol 73.0 73.0 - 52.0 - - - 48.0 

 
Sterols Contents and its Patterns: 
 
 Higher amounts of sterols separated from the unsaponifiable matter of both WGO and CSO extracted with 
chloroform/methanol solvent were obtained. Thus the sterols contents of chloroform/methanol extracted WGO 
and CSO amounted to 180 and 230 mg/100g oil respectively whereas, those obtained from n-hexane extraction 
were 160 and 200 mg / 100g oil respectively (Table 3).  
 Capillary GLC analysis of WGO sterols, in the form of TMS showed that, β-sitosterol and campesterol 
were major constituents, while isofuco-, 7-stigma- and 5-avenasterol were minor components in case of WGO 
extracted by n-hexane and chloroform/methanol. In comparison with CSO extracted with the two solvents, 
higher values of β-sitosterol, and lower amount of campesterol than those recorded for WGO extracted by the 
two solvents were noticed. These results are in agreement with data reported by Eisenmenger and Dunford, 
2008. 
 
Sterylglycosides Pattern: 
 
 The SG's of WGO and CSO are present as non esterified (FSG) and esterified (ASG) forms (Table 4).The 
Total SG of both WGO and CSO extracted with chloroform/methanol was higher than those for oils extracted 
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with n-hexane and also the FSG fraction. It was found that beta-sito-SG is the major component in both FSG 
and ASG fractions in WGO and CSO followed by campe/stigma-SG (unseparable pair) and isofuco-SG. 
Whereas, avena-SG and spina-SG were present as minor components in WGO. 7-Stigma-SG (in both forms) 
was only detected in minute amounts in WGO extracted with chloroform/methanol solvent. Comparing the SG's 
of WGO with those of CSO, it was found that CSO had higher amounts of beta-sito-SG in its two forms; 
however campe/stigma-SG, in its two forms, was much higher in WGO.    
 
Table 3: Total sterol content and GLC analysis of TMS of sterol constituents in WGO in comparison with those of CSO. 

Oils Extraction Method 
Total Sterol 

mg/100g 

Sterol Compositions % 

Campe Δ5 Stigma β-Sito Isofuco Δ7 Stigma Δ5 Avena 

W
G

O
 

n-hexane 160 28.0 - 63.8 3.4 2.0 2.8 

Chloroform/ Methanol 180 27.2 - 63.3 4.1 2.5 3.0 

C
S

O
 

n-hexane 200 9.0 2.2 84.5 3.8 - 0.5 

chloroform/ Methanol 230 10.0 1.7 86.0 2.0 - 0.3 

 
Table 4:  Total sterylglycosides in WGO in comparison with those of CSO. 

Oils Extraction Method 
Sterylglycosides Sterylglycosides % 

Fraction Total Content 
Mg/kg 

Avena- Isofuco- Spina- Campe/Stigma- 
7-

Stigma 
β-Sito- 

W
G

O
 n-Hexane 

FSG 
ASG 
total 

250 
050 
300 

0.8 
1.1 

2.8 
4.0 

0.2 
0.3 

18.5 
19.6 

- 
- 

77.9 
75.0 

Chloroform/Methanol 
FSG 
ASG 
total 

260 
080 
340 

0.95 
1.2 

2.9 
5.0 

0.5 
0.6 

19.2 
20.7 

0.15 
0.20 

76.3 
72.3 

C
S

O
 n-Hexane 

FSG 
ASG 
total 

230 
080 
310 

- 
- 

6.8 
6.9 

- 
- 

7.2 
7.1 

- 
- 

86.0 
86.0 

Chloroform/Methanol 
FSG 
ASG 
total 

260 
070 
330 

- 
- 

3.2 
2.8 

- 
- 

7.4 
7.1 

- 
- 

89.0 
90.0 

 
Fatty Acid Composition: 
 
 Table 5 shows the fatty acid composition of WGO extracted by n-hexane and chloroform/ methanol. 
Linoleic and oleic acids were the major constitutes in both samples with reasonable amount of linolenic acid. 
Whereas, palmitic acid was, almost, the only saturated FA. It can be noticed that no great differences could be 
found in the percentages of fatty acids of the oils extracted with both solvents. Eisenmenger and Dunford (2008) 
also showed that the methods used for oil extraction and refining did not have a remarkable effect on the fatty 
acid composition of the oil. 
 
Table 5: Fatty acid patterns of WGO comparison with those of CSO. 

Oils Extraction Method 
Fatty acids composition % 

14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:0 20:1 20:2 

W
G

O
 

n-Hexane 0.1 16.8 0.2 0.7 13.6 57.5 8.5 0.3 1.8 0.5 

Chloroform/Methanol 0.1 17.0 0.15 0.82 14.4 57.2 9.0 0.25 1.08 - 

C
SO

 

n-Hexane 0.6 24.0 1.0 2.5 20.2 51.1 tr 0.6 - - 

Chloroform/Methanol 0.5 23.0 1.3 1.3 21.5 52.0 tr 0.4 - - 

 
Discussion: 
 
 Generally, it was found that β-sitosterol was the most prominent (63% of the total phytosterol). Phytosterol 
with campesterol being the second and isofuco-, 7-stigma-ad avenasterols being the best prevalent in both WGO 
samples (WGO extracted with n-hexane or chloroform/ methanol solvents). These results are in agreement with 
data reported by Eisenmenger and Dunford, 2008. Concerning, total SG's of WGO extracted with chloroform/ 
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methanol was higher than those extracted with n-hexane. β- sito-SG is the most prominent SG followed by 
campe/ stigma SG and this in agreement with the results reported by (Hassanein and Abdel-Razek, 2009). 
 Concerning tocopherol, it was found that chloroform/ methanol extracted WGO (295.5 mg/100g oil) 
contained much higher tocopherols than n-hexane extracted oil (274.3 mg/100g oil). The majority of the 
tocopherols in WGO were in the form of α-tocopherol (>72% of the total tocopherols) which possesses vitamin 
E activity. β-tocotrienols was the second most abundant tocopherols in both WGO samples whereas; α- and γ-
tocopherols were the main isomers in CSO. Similar amounts of α-tocopherol in WGO were reported by 
(Hassanein and Abdel-Razek, 2009). 
 Chloroform/ methanol extracted WGO consisted about 57.5% of linoleic acid (18:2) which is an essential 
FA. Total unsaturated and polyunsaturated FA (PUFA) content of WGO was about 81.8 and 66.2% respectively, 
these results were in agreement with those of Dunford (2005). It has been well documented that unsaturated FA, 
especially PUFA, intake reduces coronary heart disease (CHD) (Dunford, 2005).A study has shown that n-3 
FA's have health benefits; such as lowering CHD risk (Dunford, 2005).  WGO has very high unsaturated and 
PUFA content and a good n-6/ n-3 fatty acid ratio (6.4/1) (Dunford and Martinez 2003, Dunford, 2004). A high 
concentration of PUFA is a positive attribute in the functional foods and nutraceuticals market. The FA 
composition of n-hexane or chloroform/ methanol extracted WGO reported in this study is in agreement with 
the data published in the Eisenmenger and Dunford, 2008. 
 
Conclusion: 
 
 This study showed that there were no remarkable changes in sterols, sterylglycosides, tocol and fatty acids 
composition of both oil extracted with n-hexane or chloroform/ methanol, even though the yield of each group 
of components was affected by the solvent type. In addition, it was found that the extraction efficiency of 
chloroform/ methanol solvent was superior to n-hexane, however n-hexane is more safe for nutrition purposes. 
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