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Abstract  
The overproduction of free radicals and oxidative stress are involved in the progression of degenerative diseases. 

Natural antioxidant substances and unsaturated fatty acids like ω-3 and ω-6 play a key role in interfering with the 

oxidation process by inhibiting free radicals.  

Spent coffee and grape seeds are waste by-products from daily coffee consumption and wine production. Coffee 

oil contains wax, triglycerides and unsaponifiable matter, saturated and unsaturated fatty acids. Grape seeds 

contain (8–20) % of oil, which is used as a functional food product because of its high levels of hydrophilic 

constituents, such as phenolic compounds, and lipophilic constituents (vitamin E, unsaturated fatty acids and 

phytosterols).  

The purpose of this work is twofold: Firstly, to obtain grape seed and coffee oils from the waste biomasses 

examined, applying conventional extraction with n-hexane and extraction with supercritical CO2.  Secondly, to 

study the antioxidant activity of the oils, and the rheological properties of their model cosmetic emulsions. 

 

Practical applications  

The effective use of waste biomass as a renewable resource of high added value compounds with applications in 

food, cosmetics, pharmaceutical industries, biodiesel production, etc. is very important and draws considerable 

attention of academics and industrialists alike. In particular, recycling the residues of wine and coffee industries 

will have wide spectrum of practical applications because of the high content of unsaturated fatty acids and 

antioxidant compounds in the grape seed and coffee oils obtained, and which can be used as a potential source 

for human health and wellbeing. 
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Introduction 
When antioxidant capacity is insufficient, oxidative 

stress may lead to many neurodegenerative 

pathologies such as Alzheimer’s, Parkinson’s, prion 

protein misfolding, and ophthalmological diseases. 

The reactive oxygen species form as products under 

normal physiological conditions due to the partial 

reduction of molecular oxygen. The latter is a result 

of the exposure to UV light, ionizing radiation, or 

heavy metal ions (Nita et al., 2016). The human 

body is equipped with a variety of antioxidants that 

serve to counterbalance the effect of oxidants. Some 

of the nonenzymatic antioxidants are low-

molecular-weight compounds, e.g. vitamins 

(vitamins C and E), b-carotene, resveratrol, 

chlorogenic acid, which the human body can obtain 

through plant sources (Birben et al., 2012). 

Coffee is one of the world’s most consumed 

beverages. According to the International coffee 

organization, 151.3 million of 60kg bags of coffee 

were consumed in 2015/16 (www.ico.org). About 

50% of this production is considered as waste (Tsai). 

When spent coffee grounds (SCG) are sent to 

landfill, they can produce methane and carbon 

dioxide - greenhouse gases that contribute to global 

warming. This requires the development of a wastes 

management plan. The spent coffee wastes can be 

used as a bio resource for various valuable 

compounds (www.planetark.org; Pujola et al., 

2013), because they contain large amounts of 

organic compounds (i.e. fatty acids, lignin, 

cellulose, hemicellulose, and other polysaccharides) 

and several classes of health-related chemicals, such 

as phenolic compounds, melanoidins, diterpenes, 

xanthines and vitamin precursors. The coffee oil in 

SCG varies from (11 to 20) wt.% and has been 

identified as a suitable raw material for biodiesel and 

bioethanol production (Obruca et al., 2014). Coffee 

oil is also used in cosmetic formulations due to its 

emollient and antiaging properties, high sun 

protection factor and is safe for topical 

applications. Furthermore, the oil has good skin 

compatibility (www.cosmeticsdesign-europe.com), 

can act as a stimulus to collagen, elastin and 

glycosamineglycans synthesis by fibroblasts, and is 

effective against cellulitis. Cosmetic formulations 

containing coffee oil showed antioxidant and 

antimicrobial activities in vitro, and increased the 

sebum levels in the skin, thus enhancing the barrier 

properties of the skin. Those effects on the skin 

health may probably be related to its lipid fraction 

rich in triacylglycerols, sterols and tocopherols 

(Nosari et al., 2015; Ribeiro et al., 2013) 

Grape seeds are a by-product of the winemaking 

process and their oil content is traditionally extracted 

using either an organic solvent or mechanical 

techniques. Grape seeds contain (8–20) % of oil, 

which is rich in compounds with economic 

importance to pharmaceutical, cosmetic, and food 

industry (Sabir et al., 2012), like phenolics, fatty 

acids (linoleic, oleic, palmitic and stearic) and 

vitamins (vitamin A, E). Essential fatty acids as 

linoleic acid cannot be synthesized by the human 

organism and hence they must be taken from natural 

sources (www.centerchem.com). Fatty acids 

deficiency causes deterioration of the epidermal 

barrier function and a consequent loss of water 

through the stratum corneum; this in turn, causes 

several skin disorders such as dry skin or dermatitis 

(Ranson et al., 1993; Wright et al., 1991; Conti et al., 

1995; Jimenez-Arnau et al., 1997). Härtel (1998) 

reported that dry skin low linoleic acid levels can be 

restored to normal by topical applications of linoleic 

acid-rich emulsions. According to the monograph 

„Plants preparations used as ingredients of cosmetic 

products“(CE, 1994), Vinis vinifera seed oil has 

emollient, protective and anti-aging properties on 

the skin. 

Cosmetic and pharmaceutical products are 

developed for external applications in the form of 

lotions, gels, or creams. Since they occur as liquids, 

semi-solids and solids, they present the whole 

spectrum of rheology. The rheological 

characteristics of these materials are important for 

the production, packaging, filling and storage. The 

texture and longtime stability of skin creams are also 

vital for how they will be accepted by the 

consumers.  

In order to assess the influence of an emulsion 

physical properties on the properties of the final 

product (www.world-of-rheology.com) it is 

necessary to carry out rheological studies (Chiari et 

al., 2012). 

In view of the above, the main aims of this study are 

twofold: i) Evaluation of the antioxidant capacity of 

coffee and grape seed oils obtained via conventional 

solid/liquid Soxhlet and Supercritical CO2 (SCE) 

extractions; ii) Formulation of cosmetic emulsions 

on the basis of the oils extracted and subsequent 

examination of their rheological behavior and long 

term stability. 

 

 

 

http://www.centerchem.com/


НАУЧНИ ТРУДОВЕ НА 

УНИВЕРСИТЕТ ПО ХРАНИТЕЛНИ 

ТЕХНОЛОГИИ - ПЛОВДИВ 

2017 г.  
ТОМ 64, КНИЖКА 1 

 

SCIENTIFIC WORKS OF 

UNIVERSITY OF FOOD 

TECHNOLOGIES 

2017  

VOLUME 64 ISSUE 1 

 

111 

 

Materials and methods 
Materials 

The grape seeds were pre-ground and the SCG was 

dried. The oils were extracted with n-hexane at its 

boiling point. The yield of extracted oils is about 

10%.  

Hexane, stearic acid, methanol, DPPH, i-propanol 

and TRIS-base were purchased from Sigma 

(Germany). Na-benzzoate and triethanolamine are 

from Valerus (Bulgaria).  

 

Extraction techniques 

To extract the oils from the waste biomasses, SCE 

and conventional n-hexane extraction were applied. 

SCE of SCG was performed in a laboratory 

apparatus equipped with a 50cm3 internal volume 

extractor, built from AISI 316 stainless steel tubing 

(32cm long and an ID of 1.41cm).  The extraction 

was performed at T = (40 and 60)oC and p = (300 

and 400)bar. The n-hexane extraction was 

performed in a Soxhlet apparatus.  

Methods of analysis 

Antioxidant capacity (AOC) 

AOC is determined by the DPPH method, which is 

largely used because of its simplicity and 

reproducible results (Brand-Williams  et al., 1995; 

Sanchez-Moreno  et al., 2002). The DPPH essay is 

performed according to the method described by 

Prevc & Šegatin (2013) at 517nm. The inhibition 

capacity (IC) of the sample is calculated by the 

expression:  

 

IC [%] = (1 – AS /A0 ) · 100                      (1) 

 

The antioxidant capacity is expressed as IC50 value, 

which represents the concentration of a sample that 

inhibits 50% of the free radicals added to the system. 

IC50 value can be determined from the chart that 

expresses IC as a function of the extract 

concentration Cs . A smaller value of Cs corresponds 

to higher AOC, i.e. a smaller quantity of this extract 

is needed for neutralization of 50% of the free 

radicals.  

 

Rheological measurements 

The rheological behavior of three cosmetic 

emulsions based on steric acid was studied. To 

perform the rheological measurements a co-axial 

cylinder viscometer Rheotest RV-2(Germany) with 

S1 cylinder was used. The whole range of shear rates 

from (1.5 up to 1,320)s−1 was investigated for all 

compositions. From the results obtained only those 

in the lower shear rates (up to 250s−1) are presented, 

as this is the range of practical interest (the spreading 

of cosmetic creams is carried out at about 60 to 

100s−1 shear rates). Rheological properties were 

tested at room temperature. 

 

Results 
 

Influence of the extraction technique applied  

The yield achieved applying SCE at T = 60 and p = 

300 bar was slightly higher, while for the other SCE 

conditions was commensurable to that of the n-

hexane extraction. Thus, taking into consideration 

the experimental errors involved, it could be 

accepted that the performance of SCE with regard to 

the yield is similar to that of n-hexane extraction. 
 

Determination of AOC 

The data of DPPH assays were recorded on a VWR 

UV 1600PC UV–vis spectrophotometer. 

DPPH radical scavenging assay is the most common 

assay to determine the antioxidant activity. AOC of 

the oils’ samples were performed with DPPH in 

mixtures of methanol and propan-2-ol 1:1 (V/V) 

(MP), and MP containing the acid–base pair tris-

(hydroxymethyl) amino methane (Tris, 30.0mM) 

and acetic acid (37.8mM) in molar ratio 1:1.26 (MP-

AB). Tris is more readily soluble in methanolthanin 

MP mixture, therefore the stock solution for MP-AB 

was prepared in methanol. Solutions were prepared 

daily and used fresh (Prevc et al., 2013). For the 

analysis, several samples of the oils were prepared 

with a different oil concentration. 1ml of each 

sample was mixed with 4ml of DPPH solution. After 

mixing, all solutions were kept at 25oC in the dark. 

The absorbance was measured at 517nm after 1h 

(Fig. 1). 

Among oil extracts examined, the oil from SCG 

extracted with n-hexane demonstrated the highest 

antioxidant capacity, and the biggest scavenging 

effect against DPPH.  

With regard to antioxidant potential, the DPPH tests 

revealed that n-hexane extracts have higher activity 

than those obtained applying SFE (Table 1.) Yet, the 

oils obtained by the two extraction techniques have 

different colors, which could indicate that different 

compounds have been extracted. 

It should be noted that the grape seed oil 

demonstrated the lowest antioxidant activity in 

comparison to the coffee oils obtained from SCG 

both by n-hexane, and SFE at different operating 

conditions. 
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Rheological study 

To perform rheological studies, three emulsions on 

the basis of stearic acid were prepared using a 

laboratory mixer Serodyne, model 50000-35, by 

Cole-Parmer Instrument, USA, at 2000 rpm. 

Stearic acid was chosen because it is a key 

component of corneum lipids, and is widely used in 

cosmetic formulations as cleansing, emulsifying, 

emulsion stabilizing, masking and surfactant agent. 

Furthermore, stearic acid, delivered by cosmetic 

products, is most likely incorporated in the corneum 

lipid phase (Mukherjee et al., 2010). 
Triethanolamine, which is used in cosmetics and 

personal care products, as a surfactant and pH 

adjuster (Salman  et al., 2008) was used as 

emulsifier. 

Sodium benzoate was selected as a preservative. The 

reasons behind that were that it has a low acute 

toxicity (ec.europa.eu /health /scientific_committees 

/consumer_safety), is found naturally in apricots, 

snap beans, cocoa, cranberries, mushrooms and 

honey, and is used commonly in foods, 

pharmaceuticals and cosmetics as a safety protector 

(Table 2).  

Firstly, as a basic test, flow curves of the cosmetic 

emulsions with various oils were determined and are 

displayed in Fig. 2. It can be seen that the inclusion 

of vegetable oils in the composition of the emulsions 

leads to an increase of yield stress.  

All curves represent non – Neutonian shear-thinning 

behavior, namely the apparent viscosity decreases 

as shear rate is increased (www.elementis-

specialties.com). The flow curves of these liquids 

can be described with rheological model of Ostvald-

de Waele: 

 

𝜏 = 𝐾. 𝛾𝑛    (2) 

 

where K (Pa.sn) is the consistency index, 

corresponding to the viscosity and characterizing the 

consistency of the liquid; n - is the dimensionless 

flow index, characterizing the degree of the non-

Neutonian behavior (more n differs from unity, the 

more non-Neutonian is the liquid).  

The rheological parameters of the power-law model 

are represented in Table 3. From the data it can be 

concluded that the addition of vegetable oils leads to 

an increase in the consistency index. Furthermore, 

the most viscous emulsion is the one with the grape 

seeds oil added.  

 

 

Conclusions 
 

In this work evaluation of the antioxidant capacity 

of coffee and grape seed oils obtained via 

conventional solid/liquid Soxhlet and supercritical 

CO2 extractions was performed. It was demonstrated 

that the antioxidant activity of the oils depends on 

the method of extraction used. Furthermore, 

significant differences in the color of the oil extracts 

obtained by the two techniques was observed.  

The rheological behavior of model cosmetic 

emulsions based on stearic acid with added different 

oils extracted from SCG and grape seeds was also 

studied. All compositions have shear-thinning 

behavior. It was found that the emulsions with oils 

have a higher consistency index than the basic 

emulsion. From a technological point of view, this 

leads to increased energy consumption and must be 

taken into account when apparatuses and pipelines 

are designed.  
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Table 1. AOC of the extracts 

 

Sample IC 50% (mg/ml) 

Spent coffee SCE 400/40 143.83 

Spent coffee SCE 300/40 160.36 

Spent coffe SCE 400/60 97.13 

Spent coffee SCE 300/60 116.00 

Spent coffee n-hexane 26.03 

Grape seeds n-hexane 191.58 

 

 
 

 

Table 2. Composition of the emulsions 

 

Component, mass% 

 

Basic emulsion Grape seeds emulsion Coffee oil emulsion 

Stearic acid 10 10 10 

Oil 0 10 10 

Emulsifier 0.5 0.5 0.5 

Preservative 0.5 0.5 0.5 

Parfum 0.1 0.1 0.1 

Water 88.9 78.9 78.9 

Total 100 100 100 
 

 

 

 

 

 

Table 3. Rheological parameters 

 

Sample K (Pa.sn) n (-) 

Basic 5.08 0.20 

Grape seeds oil 24.93 0.14 

Coffee oil 9.97 0.33 
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Figure 1. DPPH radical scavenging activity of vegetable oils 

 

 

 

 

 

 

Figure 2. Flow curves of the composition studied 
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