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Abstract

Grape seeds are valuable by-product of grapes from wine industry. In addition to health promoting polyphenols, grape seeds con-
tain significant amount of oil. In this study, grape seed oils (GSOs) were extracted from the seeds of two Muscadine cultivars and two 
Cabernet cultivars using hexane and chloroform-methanol. The oil yields and total polyphenol contents of the crude oil were quanti-
fied. The fatty acid composition of each GSO sample was determined by GC. Results show that Muscadine Nobel seeds had lowest 
total oil yield regardless the extraction solvents. Major fatty acids in GSOs were linoleic (C18:2), oleic (C18:1), palmitic (C16:0) and 
stearic acids (C18:0). Hexane extracted oils showed higher C16:0, C18:0, C18:2, but lower C18:1 contents than chloroform-methanol 
extracted oils. Total unsaturated fatty acid contents were 83.34 - 85.93 for hexane extracted oil 85.71 - 88.84% for chloroform-meth-
anol extracted oils, respectively, depending on the grape cultivars. Linoleic acid dominated the unsaturated fatty acids in all samples. 
The high unsaturated fatty acid content makes GSO a good choice for food products that need to be in the liquid form at temperature. 
Total polyphenol contents of GSO also varied with extraction solvents and is cultivar dependent. The results indicate that fatty com-
position of different grape seed varies only slightly, but is influenced significantly by extraction solvent due to the polarity difference 
of different fatty acid. Therefore, when comparing fatty acid composition and antioxidant content of oils from different materials, it 
is important to make sure that all oil samples are extracted by same solvent and under same extraction condition. 
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Abbreviations

GSO: Grape Seed Oil; Mus: Muscadine; Cab: Cabernet; FFA: Free Fatty Acid; FAMEs: Fatty Acid Methyl Esters; GAE: Gallic Acid Equivalent; 
SFA: Saturated Fatty Acid; MUFA: Monounsaturated Fatty Acid; PUFA: Polyunsaturated Fatty Acid

Introduction

Wine grapes contain much more seeds than table grapes. Wine grape seeds are end up in the grape pomace which counts for 20 - 25% 
of grapes crushed for wine making and is typically composted or disposed. The grape seed content in dry grape pomace is in the range of 
36 - 82% depending on the variety of grape [1]. In addition to health promoting polyphenols, grape seeds contain significant amount of 
oil. Grape seed oil (GSO) has become popular in recent years and have been used in cosmetic products and dietary supplement. 
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The nutritional quality and the physical/chemical properties of a food oil is determined by its fatty acid composition and the presence 
of antioxidants. Many studies found that the most abundant oil of grape seed oil was linoleic acid (C18:2) followed by oleic acid (C18:1), 
but the percentage of linoleic acid and oleic acid varied from 66% (Ruby grape seed oil) to 75% (Concord grape seed oil) depending on 
grape variety [2,3]. Oil rich in polyunsaturated fatty acids such fish oil and flax seed oil has been reported to have many health benefits 
[4], but are more susceptible to oxidation [5]. The fatty acid compositions could be a predictor for the oxidation stability of the vegetable 
oils at the early stage of oil oxidation, but not for those at a later stage of oxidation [5].

In addition to the esterified fatty acids, free fatty acids (FFA) are naturally present in low amounts in vegetable oils as a product of 
hydrolytic degradation of triglycerides. They are more susceptible to autoxidation than esterified fatty acids in bulk oils. The presence of 
FFAs in the oil will adversely affect the flavor and stability of the oil. FFAs were considered as strong prooxidants in both bulk and emul-
sified oils, and the prooxidant effect of FFAs was dependent on fatty acid type with lipid oxidation rates being in the order of linolenic < 
linoleic < oleic [6,7]. 

The antioxidant and fatty acid compositions of grape seed oil, thus its nutritional and cosmetic properties may be significantly affected 
by the grape variety and maturity [8-10], oil extraction methods and degree of refining [11,12]. Grape seeds also contain non-phenolic 
antioxidants such as tocopherols, carotenoids and phytosterols [2,9,13-15]. The quality and stability of food oils are influenced by the 
presence of some minor components, such as free fatty acids, tocopherols, phospholipids, trace metals and waxes which have pro- or anti-
oxidant properties. Most of these minor components are removed during oil refining process to improve the stability but small quantity 
remains in the oil [16,17]. Grape seed oil may also contain significant amount of hydrophobic polyphenols which could contribute to the 
stability of the oil. Therefore, it is important to assess the fatty acid composition, FFAs and antioxidant contents of grape seed oil from 
different varieties of grapes. 

The most proper solvent for grape seed oil extraction was reported to be propane because oil samples extracted with propane present 
a smaller amount of free fatty acids [11], but propane cannot extract polar compounds such as phytosterols. Although chloroform-meth-
anol can extract both non-polar and polar fatty acid, the use of chloroform may result in health risk because chloroform is carcinogenic. 
In addition to solvent extraction, cold expeller press is another common oil extraction method which is a better method to produce food 
grade GSO because organic solvent is not used. 

In this study, the effects of extraction solvents on oil yield, free fatty acid content, fatty acid composition, and total polyphenol content 
of GSO from the seeds of four grape cultivars, namely, Muscadine Nobel, Muscadine Scuppernong, Cabernet Franc and Cabernet Sauvi-
gnons were evaluated. The reason of selecting these four cultivars is that Muscadine Noble and Carlos are the two most popular native 
wine grapes in the United States, while Cabernet Sauvignon and Franc are two of the popular Vitis Vinifera wine grapes worldwide. The 
results provided useful information for further study of GSO and provided insights for the application of GSO. 

Materials and Methods

Preparation of grape seeds for oil extraction

Freshly pressed grape pomaces from four grape cultivars, Muscadine Nobel (Mus-Noble), Muscadine Scuppernong (Mus-Scup), Caber-
net Franc (Cab-Franc) and Cabernet Sauvignons (Cab-Sauv), were obtained from two North Carolina wineries. The pomaces were spread 
as thin layer in trays and dried at room temperature (23ᵒC) in a fume hood to final moisture content about 5%. Grape seeds were manu-
ally separated from dry grape pomace and ground into powder using a high speed blender (Fisher Scientific, Atlanta, GA) and the portion 
passed 40 mesh standard sieve was stored at -20ᵒC and used for oil extraction. 
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Extraction of grape seed oil (GSO) 

Extraction GSO using chloroform-methanol: This solvent system allows for extraction of both polar lipids (such as phospholipid, cho-
lesterol) and non-polar lipids (mainly triglycerides and free fatty acids) [18]. Briefly, 30 ml of water was mixed with 10.00g of dry ground 
grape seeds (40 - 100 mesh) in a 250 ml flask, then 100 ml of 1:1 mixture of chloroform and methanol was added and stirred at room tem-
perature for 10 minutes. The grape seed residual was removed by filtration through Whatman No. 2 filter paper in a Buchner funnel with 
slight suction (low vacuum) to ensure maximum solvent recovery. The residual was washed with 20 ml 1:1 (v/v) chloroform-methanol. 
Combined filtrate was transferred into a separation funnel. The lipid in the chloroform layer was collected and then passed through a 2.5-
cm thick layer of anhydrous sodium sulfate and collected in a flat bottom evaporation flask with known weight. The solvent was removed 
using an R-200 rotary evaporator (Büchi Corporation, Switzerland) under vacuum, and the lipid yield was recorded. The lipid was trans-
ferred into an amber glass vial and stored at 4°C for analysis. The oil extraction was conducted in triplicate.

Extraction of GSO by hexane: The ground grape seed flours were mixed with hexane at the ratio of 1:10 (v/w) and stirred on a mag-
netic multiple stir plate for one hour at room temperature. The mixture was then filtered through Whatman No. 2 filter paper and the oil 
residue was extracted one more time under same condition. The combined extracts were transferred to an evaporation flask with known 
weight and concentrated using an R-200 rotary evaporator at 40°C to remove hexane which was recovered and used for next extraction. 
The oil yield was recorded and the oil was transferred into a glass vial and stored at 4°C for analysis. The oil extraction was conducted in 
triplicate.

Polyphenol extraction and analysis

Polyphenols in the GSO were extracted using methanol. Briefly, 1 ml of methanol was added in 0.5 ml of GSO in a glass vial. After vortex, 
the mixture was centrifuged at 10,000 rpm for 10 minutes. The supernatant (upper layer) was collected using glass transfer pipette and 
analyzed for total polyphenol by Folin-Ciocalteu method [19] and expressed as gallic acid equivalent (µg GAE) per gram crude oil. The 
polyphenol extraction and analysis was conducted in triplicate.

GSO purification 

An amount of 0.25g of GSO extract was weighed into a vial, and 10.0 ml of 2:1 Chloroform- Methanol was added. Sample was vortexed 
for 30 seconds, allowed to settle for 5 minutes, then centrifuged for 10 minutes at 3000 rpm. The top layer was drawn off and 3.0 ml of the 
chloroform/methanol layer was pasted through a supelclean LC-NH2 SPE cartridge (Supelco, Bellefonte, PA, USA). The fatty acids were 
eluted off the LC-NH2 column using 2% acetic acid in diethyl ether and collected in a sample vial for analysis on GC.

Analysis of free fatty acids (FFA) in GSO by gas chromatography (GC) 

The FFA composition of purified fractions was determined by a Thermo-Fisher Trace Ultra GC with a TriPlus Auto sampler (Ashville, 
NC, USA) and a Flame Ionization Detector (FID). Column for FFA separation was Nukol (15m x 0.53 mm ID x 0.50 μm film thickness). The 
sample injection volume was 1 μl. Helium was used as carrier Gas (7 ml/min, constant flow). Both injector and detector temperatures 
were 220°C. Oven Temp was started at 100°C, ramp 8°C/min to 220°C and held at 220°C for 25 minutes. The individual fatty acid concen-
tration was calculated according to the standard curves developed using GC-463 standard mix (Nu Check, Elysian, MN, USA) under the 
same GC conditions.

Analysis of fatty acids of triglycerides in GSO by GC

Fatty acids of triglycerides in GSO were converted into fatty acid methyl esters (FAMEs) by methylation before GC analysis. The pur-
pose of methylation was to convert the non-volatile triglycerides into volatile FAMEs. Briefly, 0.25g of purified grape seed oil extract was 
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weighed into a vial and 1.0 ml of tetrahydrofuran was added at room temperature with 1.0 ml of methanolic 1M KOH then vortexed for 
30 seconds. Samples were allowed to settle for 1 minute and then 1.0 ml of 14.0% boron trifluoride was added and vortexed for 1 minute. 
The solution was then heated in a 100ᵒC water bath for 15 minutes. After cooled to room temperature, 0.5 ml of saturated NaCl, 1.0 ml of 
heptadecanoic acid (1 mg/ml) and 1.0 ml of isooctane were added. The mixture was vortexed for 30 seconds, allowed to settle and the top 
layer containing FAMEs was removed for GC analysis. 

The FAMEs were determined by Thermo-Fisher Trace Ultra GC@ with a TriPlus Auto Sampler and an FID. DB-23 column (60m, 0.18 
mm ID, 0.14 μm film thickness, Nucheck,) was used for fatty acid separation. Carrier Gas was helium at 400 psi constant pressure. The 
injector temperature was 220°C and detector temperature was 230°C. The oven temperature was programmed as following: starting 45°C 
and holding for 2 minutes, ramp 10°C/min to 80°C and holding for 2 minutes, ramp 8°C/min to 180°C and holding for 2 minutes and then 
ramp 2°C/min to 240°C and holding for 5 minutes. The individual fatty acid concentration was calculated according to the standard curves 
developed using GC-463 standard mix under the same GC conditions.

Data analysis

The oil yield and TPC data were expressed as mean ± standard deviation. The comparison of oil yield and TPC of GSO from different 
grape seeds and by different extraction solvents were conducted by post-ANOVA multiple range comparison using SAS 9.4. (SAS Institute, 
Cary, NC USA).

Results and Discussions

Effects of solvent and grape cultivar on GSO yield 

The oil yield of grape seeds was significantly affected by extraction solvent (P < 0.01) and grape cultivar (P < 0.001) (Figure 1). The 
lowest oil yield (7.4%) was obtained from the seeds of Muscadine Nobel grapes, while the highest oil yield (12.8%) was obtained from 
the seeds of Cabernet Franc grapes regardless of extraction solvent. The hexane extraction resulted in slightly higher oil yield than chloro-
form-methanol extraction for same type of grape seeds except Cabernet Franc seeds. This might be caused by the lower hydrophobicity of 
chloroform-methanol. The variation of oil yield with extraction solvents has been reported by many researchers who found that heptane 
and hexane extraction resulted in higher oil yield than acetone and ethanol [9,20,21]. However, for the same solvent, the GSO yield de-
pends on grape variety which determines the oil content of the seeds. Other extraction parameters such as particle size, temperature and 
extraction time may also affect oil yield. 
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Total polyphenol contents (TPCs) of grape seed oils

Figure 2 shows that the TPCs of GSOs varied with grape cultivars greatly and was significantly affected by extraction solvents. No 
matter what solvent was used, The TPCs of GSOs from Muscadine Noble seed and Cabernet Sauvignon seeds were higher than those of 
Muscadine Carlos and Cabernet Franc seed oils. For same grape seeds, hexane extracted oil had significantly higher TPC content than 
chloroform-methanol extracted oils (P < 0.05). The TPC of Muscadine GSO obtained in this study (401 - 590 µg GAE/g oil) is comparable to 
that of GSO obtained by cold pressed [2] and higher than that of extra virgin olive oil which was reported to contain 100 - 300 mg/kg [22]. 
The main polyphenols identified in GSO were reported to be catechins, epicatechins, trans-resveratrol, and procyanidin B1 [23]. Although 
considered hydrophilic, the solubility of these phenolic compounds in water is very low. Higher TPC in hexane extracted GSO indicates 
that the hydrophobicity of phenolic compounds in GSO is higher than their hydrophilicity. They may serve as antioxidants to slow down 
the oxidation of the GSO if they are not removed during oil refining.

Free fatty acid (FFA) composition and quantity of GSO

Table 1 show that the major FFAs in the chloroform-methanol extracted GSO were palmitic acid (C16:0), stearic acid (C18:0), oleic 
acid (C18:1), linoleic acid (C18:2), linolenic acid (C18:3) and C20:0 regardless of grape variety and extraction solvent. Among four types 
of grape seeds, Muscadine Noble and Scuppernong seeds had lower FFA content than Cabernet Franc and Sauvignon seeds. For the seeds 
of same grape variety, chloroform-methanol extraction resulted in much higher amount of FFAs than hexane extraction. The highest FFAs 
was found in the oil of Cabernet Sauvignon seeds (3,622 mg/kg oil or 0.36%). The presence of unsaturated FFAs, particularly, C18:2 and 
C18:3, in the oil will result in significantly reduced oxidative stability of the oil [7,24,25]. Although oil refining process will remove most of 
the FFAs, it will also remove other important components such as, vitamin E, phenolic compounds and phytosterols [16,22,26].

Fatty acid (FA) composition of triglycerides of GSO

Short-chain and medium-chain FAs were not detected in the triglycerides of GSOs extracted in this study although trace amount of 
medium-chain FAs (0.01 - 0.06%) such as C8:0, C12:0 and C14:0 were reported [22]. The major FAs of GSO were long chain FAs and the 
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most abundant FA was C18:2 followed by C18:1, C16:0 and C18:0 regardless grape cultivar and extraction solvent (Table 2). The C18:2 
accounted for 70.90 - 77.38% of total fatty acid depending on the variety of grape and extraction solvent with higher C18:2 and total un-
saturated fatty acids in Muscadine GSO than in Cabernet GSO. Muscadine GSOs also had higher C18:1 than Cabernet GSOs no matter what 
solvent was used. The crude GSOs extracted in this study has lower total monounsaturated fatty acid (MUFA) but higher total polyunsatu-
rated fatty acid (PUFA) than all other reported edible plant oils except safflower seed oil and walnut oil [27,28]. The total unsaturated FA 
content of Muscadine and Cabernet GSOs were 85.1 - 88.8% and 83.34 - 86.3%, respectively. Major saturated FA of GSOs were palmitic 
acid (C16:0) and stearic acid (C18:0). Total saturated FA varied with grape cultivars and extraction solvents. Among all grape seeds ana-
lyzed, Muscadine Nobel and Cabernet Sauvignon seeds showed lowest and highest saturated fatty acid, respectively. The saturated FA 
contents of oils extracted using chloroform-methanol and hexane were in the range of 11.16 - 14.61% and 14.85 - 16.66, respectively. 
Overall, the GSOs extracted by chloroform-methanol had higher unsaturated FAs while GSOs extracted by hexane showed higher saturated 
FAs for all grape varieties. 

GSO extracted by chloroform-methanol GSO Extracted by Hexane

Fatty acid Mus* 
Nobel

Mus  
Scuppernong

Cab†

Franc

Cab  
Sauvignon

Mus No-
bel

Mus  
Scuppernong

Cab 
Franc

Cab  
Sauvignon

C14:0 5.00 7.80 9.00 8.00 5.08 2.78 4.25 3.32
C16:0 346.00 384.00 400.00 712.00 32.66 13.91 30.83 20.45
C16:1 - - - - 20.84 0.79 0.00 0.81
C18:0 330 430 380 659 17.45 8.25 13.77 10.4
C18:1 211.00 204.00 190.00 343.00 34.65 13.28 28.07 17.35
C18:2 493.00 371.00 520.00 1,490.00 150.51 42.35 84.3 62.78
C18:3 285.00 270.00 190.00 359.00 2.84 0.95 1.56 0.79
C20:0 49.00 79.00 430.00 51.60 14.06 10.87 10.75 10.19
Total 1719.00 1,745.80 2119.00 3,622.60 278.09 93.18 173.53 126.09

Table 1: Free fatty acid compositions of grape seed oils extracted by chloroform- methanol and hexane. 
*Mus-Muscadine, †Cab-Cabernet.

Chloroform-Methanol Extracted Oils Hexane Extracted Oils
Fatty acid 

(%)
Mus* 
Nobel

Mus  
Scuppernong

Cab† 
Franc

Cab  
Sauvignon

Mus 
Nobel

Mus  
Scuppernong

Cab 
Franc

Cab 
Sauvignon

C14:0 <0.01 0.02 0.06 0.05 0.04 0.03 0.08 0.07
C16:0 6.34 6.88 8.80 8.51 9.39 9.39 10.00 10.38
C16:1 0.12 0.06 0.09 0.07 0.07 0.04 0.11 0.09
C17:0 0.11 0.05 0.05 0.04 . . . .
C18:0 4.50 6.18 5.18 4.89 5.30 5.30 5.85 6.04
C18:1 14.20 11.91 14.51 13.97 7.50 7.50 6.52 7.09
C18:2 74.21 74.53 70.90 72.07 77.38 77.37 77.08 75.90
C18:3 0.31 0.15 0.20 0.21 0.20 0.17 0.22 0.26
C20:0 0.21 0.19 0.17 0.16 0.13 0.20 0.18 0.17

Total SFA 11.16 13.30 14.21 13.59 14.85 14.92 16.10 16.66
MUFA 14.32 11.98 14.61 14.04 7.57 7.54 6.63 7.18
PUFA 74.52 74.69 71.10 72.28 77.58 77.54 77.30 76.16

Total Unsaturated 88.84 86.66 85.71 86.32 85.15 85.08 83.93 83.34
Total 100.00 99.98 99.98 99.97 100.00 100.00 100.00 100.00

Table 2: Fatty acid composition of triglyceride GSO from different varieties of grapes and the effects of extraction solvents. 
Mus-Muscadine, †Cab-Cabernet.
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Conclusion

This study indicates that fatty acid composition of GSO is cultivar dependent and varies with the extraction solvent. Regardless of 
cultivars, major fatty acids in GSOs were linoleic (C18:2), oleic (C18:1), palmitic (C16:0) and stearic acids (C18:0). Hexane extracted oils 
showed higher C16:0, C18:0, C18:2, but lower C18:1 contents than chloroform-methanol extracted oils. Hexane extracted GSO also had 
higher total unsaturated fat. The results indicated that fatty composition of different grape seed varies only slightly, but is influenced 
significantly by extraction solvent due to the polarity difference of different fatty acid. Therefore, when comparing fatty acid composition 
of oils from different materials, it is important to make sure that all oil samples are extracted by same method and under same extraction 
condition. The high PUFA content makes GSO a good choice for salad dressing because it will not solidify even at refrigeration tempera-
ture. GSO is also rich in polyphenols that will serve as natural antioxidants in oil. However, the high PUFA and free FFA contents also make 
GSO’s stability a problem because the oil rich in PUFA is more prone to oxidation. In addition, although unsaturated fat has been reported 
to be healthier than saturated fat, particularly to the cardiovascular disease (CVD), the benefits of replacing SFAs with PUFAs are question-
able because there is no evidence that a lower intake of SFA can prevent CVD and a high intake of PUFAs without specification may result 
in a high intake of omega-6, which is associated with many adverse health effects (Ravnskov., et al. 2014). Therefore, further studies on 
the oxidative stability and health benefit of GSOs are necessary. 
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