Utilization of grape seed oil and grape seed flour in food industry
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ABSTRACT.

Grape production is considered to be one of the most important agro economic activities in the world, with more than 67
million tons of grapes (Vitis vinifera) produced globally in 2012, about 22 million tons of them produced in the European

Union [16]. However, a large volume of winery wastes remains unexploited every year on an international level.

This study aims at exploring various ways of winery waste (seeds, stems and peels) usage; specifically its goal is to
provide alternative solutions on the use of grape seeds. The objective is to encourage wineries to apply value adding
technologies in order to reduce their waste generation and disposal. Moreover, this research provides alternative solutions
to diminish wineries’ environmental impact and introduces to them additional sources of income through the use of

grape seed related products in food industry, cosmetology, as well as in medicine.

Grape seeds from Greek grape varieties that were used in this study were naturally dried in the sun and cleaned. Grape

seed oil and grape seed flour were produced from mechanical extraction that preserves the natural structure of oil.

Findings about the grape seed’s oil (acidity, fat, peroxide value, absorption spectroscopy) and grape seed flour’s profile
(humidity, ash, total crude fiber, fat) were gathered in order to obtain more solid facts. Our results showed, among others,
that grape seed oil is a good source of fatty acid. Grape seed flour demonstrated to be a good source of fiber (46%-48%)
and could be an ingredient to be used in various foods.

The study proved that grape seeds have the ability to be reused; their oil and flour can be a main ingredient in other food

products with positive effects on human health.



Introduction

During the red and the white vinification, a large number of by products is produced, some of them are further used and
other not. In Greece, it is estimated that the annual production is about 525,000 tons of grapes which consequently leads
to 142,000 tones of winery waste [16]. It is estimated that 100 kg fresh marc are constituted from 30 kg of fresh pulp, 25
kg of fresh seeds and 20 kg stalks [27].

According to Torres et al. [47], 13% of the weight of the grapes processed in winemaking is used for by products. The
peel and the grapes seeds are the main by-products that can be used either to produce another product (distillate oil) or to

be used as compost for the production of alcohol or create a new type of human food.

Pulp can be composted after mixing with other minerals and used as fertilizer a process already taking place in France
[37]. After the extraction of grape seed oil, grape seed powder is usually used as animal food. The extracts of grape marc
can be fermented with special crops and produce high added value and purity substances such as polysaccharide Pullulan
or produce alcohol [25].

Recent studies have shown that winery by-products may negatively affect the environment by presenting toxicity to
crops [32, 33] and wetlands [4]. Grismer et al. [22] focused on wastewater wineries which were considered responsible

for the contamination of groundwater resources.

Using the marcs with the composting process, a substrate for plants [20, 31, 35, and 36], and a substrate for the

cultivation of mushrooms [37] and bleaching substances [35] have been produced.

Through the process of fermentation and by using different microorganisms with different treatment (hydrolysis or not),
lactate [40, 41], bioactive emulsifiers [42], hydrolytic enzymes [13] bio-ethanol [43], while the extraction process

tannins [26], polyphenols [10, 18, 39, 48] are produced.

Furthermore, grape seed powder has been used in food as a basic element in fettuccini pasta [44] and in frankfurters
[34]. According to the already mentioned studies, grape seed powder can improve the nutritional profile (increased the
protein and dietary fibre content and oxidation was minimized) and improve the sensorial acceptability of the products.

In Greece, the majority of by products is used for the production of spirits, pure alcohol, for compost production with the

aerobic decomposition (biodegradation) or discarded as useless.

After the appropriate treatment, by products and residues of wine are able to form a new economic resource while
meeting the environmental protection standards. Moreover, their use could reduce the production cost of the winery, the

reduction of existing environmental footprint, but also to create new jobs.



2. Materials and methods

2.1 Grape seed samples

Five greek grape varieties were selected, one red, Mavro Arahovis and four white, Savvatiano, Asyrtiko,
Malagousia and Roditis from three different wineries in Greece. After harvest, the grapes were dried for seven

days in open air, they were weighted and the seeds and skins were selected and separated by hand. The seeds

were stored in glass containers.

2.2 Grape seed oil extraction and grape seed powder

The production of grape seed oil was done mechanically, which is considered to be the safer way as the physical structure

of the components is maintained. The grape seed powder results from the extraction of the grape seed oil.

The oil was extracted with an Italian electric hydraulic press OMCN, model 204 / RE with capacity 150TN.This force was
achieved at a pressure of 400 bar hydraulic piston. The amount of seeds for every batch was compressed 0,8It. The oil flow

started at approximately 100 bar pressure hydraulic press.

The oil was decanted after seven days and stored for further analysis.

Grape Variety | Net weight of grape Net weight of grape seed | Net weight of grape seed
seeds () oil (g) powder (g)

Yield (%) Yield (%)
Mavro 1.518 71 1.242
Arahovis 4.6 81
Savvatiano 800 40 582

5 73
Asyrtiko 1.570 126 1.163

8 74
Malagousia 2.770 160 1.556

5,8 56
Roditis 1.300 100 810

7,7 62

Table 1. The above table summarizes the quantities of seeds, grape seed oil and grape seed powder.




2.3 Grape seed oil and grape seed powder analysis

Determination of the regulated physicochemical quality parameters (free acidity, peroxide value, ultraviolet absorbance
coefficients, fat, moisture, ashes, crude fiber, K270, K232) was carried out following the analytical methods for olive oil
described by Regulation EEC 1989/2003 of the Commission of the European Union.

Analysis of acidity: Acidity, % of oleic acid, was determined by titration of a solution of oil dissolved in
ethanol/ether (1:1) using 0.1 M potassium hydroxide ethanolic solution [15].

Analysis of peroxide value: Peroxide value (meg/kg) was determined using a mixture of oil and
chloroform/acetic acid that was left to react with a solution of potassium iodide in the dark for five minutes. The
free iodine was titrated with a sodium thiosulfate solution [15].

Determination of K270 and K232: K270 and K232 were calculated from the absorption at 270 and 232nm
using a double beam spectrophotometer (AnalytikJena Specord 200) using a 1% solution of oil in cyclohexane
and a path length of 1cm.

Moisture and ash analysis: Each grape seed powder sample was homogenized and analyzed for moisture (oven
drying method) according to the standard AOAC procedures [1].

Crude fibre analysis: Crude fiber was determined in Selecta Digester Dosi-Fiber. Crude fiber is lost on ignition of dried
residue remaining after the digestion of the sample with 1.25% (w/v) sulfuric acid (H,SO,) and 1.25% (w/v) NaOH
solutions under specific conditions [2].

Fat value analysis: Fat was determined in grape seeds and in grape seed powder by Soxhlet extraction system using hexane
as solvent for 6 hours [17].

Absorption spectroscopy in 400-800nm: Absorption spectroscopy was performed across the spectrum 400-800nm with

spectrophotometer.



3. Results and discussion

%

Acidity Peroxide index Moisture Crude
Sample Ashes % ) K270 | K232

(%) (meqg/kg) % fiber
SAV. 1,54 70 7,02 3,2 48,8 1,10 3.30
ASY. 0,06 97,5 7,0 3,15 46 0,52 3.45
MAVR. 0,08 50 5,76 4,01 47,29 0,83 3,82
MALAG 0,14 100 5,8 2,82 48,03 087 3,69
ROD. 0,28 152,5 5,6 2,89 47,93 1,06 3.60

Table 2. The results obtained from the measurements of grape seed oil and grape seed powder.

Acidity of grape seed oil

Examining the acidity of the samples, it was found that sample 1 (Savatiano Domaine Matsa) had the higher consumption
(54,5ml) with a difference from the other samples. This may have happened due to the high pressure during the extraction,
fact that is also showed from the color of the oil and the amount of oil residue. If we can compare grape seed oil to olive oil,
the grape seed oil from Malagouzia grape can be classified as virgin olive oil (0.8-2%), whereas the others (acidity 0,05%-

0,2%) can be classified in the category of extra virgin olive oil.

Peroxide value of grape seed oil

Peroxide value is a criterion of oxidative status for the oils.

In fresh olive oil the peroxide value is usually less than 10 meqO2 / kg [15]. Regarding grape seed oil, samples range for
peroxides are 50-152,5 meqO2 / kg, showing that the samples have been subjected to chemical oxidation due to the effects

of light, heat, the presence of oxygen and metal components possibly due to contact when pressed with a hydraulic press.

An interesting point to be noted is the number of peroxides derived from the unique red variety of the samples of grape seed
oil. More specifically, in Mavroudi Arachovis the peroxide value was 50 meqO2 / kg, which is the minimum value of all
samples. This component can be combined with the fact that white wines are more sensible to oxidation while red ones
show less sensitivity; therefore it may also be applied in grape seed oils from red and white grape varieties. The above

result could be confirmed by further research, comparing grape seed oil from red and white varieties.

Moisture and ashes in grape seed powder

The moisture in grape seed powder samples ranges from 5.6% to 7%. Compared with wheat flour moisture content (11%-
14% depending on the origin) is much less, which is justified by the drying that has occurred during the processing of seeds.
The moisture content of grape seed powder tends to approach that of the roast coffee (5%).

The ashes in grape seed powder samples ranges from 2.8% to 4% and is within the limits given for food (<5%), but much

more than the limits provided for wheat flour and whole wheat flour (1.6%).



The relatively high ash content of grape seed powder is a positive parameter, since it may possibly diminish the growth of

certain microorganisms.

Crude fiber in grape seed powder

Crude fiber in grape seed powder samples was 46%-48%, much higher than 7% which was found in the bran sample.

The above point is a particularly important feature for grape seed powder since it can be used as an ingredient in human
food, taking into account the importance of fiber in human diet.

Fat determination in seeds and grape seeds powder

Sample % quantity of grape seed oil % quantity of grape seed oil % quantity of grape seed oil
(Soxhlet-Grape seeds) (Soxhlet-Grape seed flour) (mech. extraction)

SAV. 10,72 7,7 4,6

ASYR. 9,72 7,46 5

MAVR. 8,324 8,22 8

MALAG. 10,48 6,87 5,8

ROD. 8,402 8,58 7,7

Table 3. % quantity of grape seed oil from seeds and powder extracted by Soxhlet and mechanical extraction.

The determination of % fat found in seeds was from 8.3% to 10.72% while in grape seed powder from 6.8% to 8.5%.

The seeds clearly contained more amount of fat relative to grape seed powder, as the second’s oil had already been
extracted. Nevertheless, the differences between them are much less than expected.

Grape seed oil values obtained from the seeds via Soxhlet method and via mechanical pressure differ around 5%. By using
Soxhlet method we obtained greater quantity of grape seed oil relative to the mechanical method. Therefore, the usage of
mechanical extraction produces less quantity of grape seed oil but the extracted grape seed oil has better quality since no

solvent is used while extracting it.

K232, K270 values
In grape seed oil, K232 values ranged from 3.30 up to 3.82, indicating the advanced oxidation of the samples and K270
values vary from 0.5 up to 1.1, which is very high and involves oxidation and deterioration of the product due to exposure

in high temperatures.

Absorbance in spectrum 400-800nm
All five samples exhibit maximum absorption near 400nm. Two of the samples, the Malagouzia and Roditis exhibit their

maximum absorption near 600nm
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Table 4. Absorbance in 400-800nm for the samples

4. Conclusions

Grape seed oil, produced mechanically is considered to be an advantage for the quality of the product and for that reason; it
can be used in food industry. Moreover, grape seed powder, also, offers a quantity of grape seed oil but it can be valuable
as it is rich in crude fibers.

The present study demonstrated that grape seed oil and grape seed powder have compounds with beneficial health effect,
allowing the valorization of winery by products that are not widely valorized in Greece.
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