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INTRODUCTION 

 

In industry, raw materials are processed according to a certain purpose, while 

some substances emerging as waste material. Millions of waste materials are 
thrown into the environment almost every year. Wine pomace is the by-product 

of wine processing industry and consists chiefly of the skin, pulp and seed of the 
fruit. It is rich in dietary fiber, valuable bio products. Traditionally grape pomace 

is used as an ingredient in animal feed, but has little nutritional value as animal 

feed due to its low protein and carbohydrate content. In food industry, the use of 

by-products is important due to the high quantities of by-products and the 

additional cost of disposal (Larrauri et al, 1996). For example, 60% of cereal 

products, 85% of oilseed products, 90% of sugar products occurred as a waste 
material (Kahyaoğlu & Konar, 2006). Grapes (Vitis vinifera L. subsp. vinifera) 

is associated with phenolic acids, flavonoids, stilbenes, anthocyanins and tannins, 

which are among antioxidant-containing fruits (Manconi et al., 2017). Wine 
pomace produced during wine making is a waste composed of grape seed, grape 

stalk and grape skin. The energy and nutrient requirements during 

biotransformation of waste materials is advantageous. Nowadays 
biotechnological methods are used more often to produce high quality bioactive 

compounds from food by-products (Schieber et al., 2001; Martinez-Avila et al, 

2011).  
Phenolic compounds found in wine and its by-products are divided into two 

groups: flavonoids and non - flavonoids. Phenolic compounds, which contain 

hydroxyl group (- OH) attached to a benzene ring form part of the grape, such as 
the rind, core and stalk. 

The flavonoids are present in the C6-C3-C6 diphenylpropane structure and the 

triple carbon bridge between the phenyl groups forms a ring with oxygen 

(Yıldırım et al., 2005; Annunziata, et al., 2019). The differences between 

different flavonoids arise from the number of attached hydroxyl groups, the 

degree of unsaturation and the degree of oxidation of the triple carbon segment. 
Researches are focused on the composition and health benefits of pomace due to 

main issues as: 1- Antioxidant effect of red wine pomaces; 2- Potential benefits 

for human health due to antimicrobial properties of red wine pomaces; 3- Healthy 
fatty acids content in pomace. Among the main questions are how these pomace 

benefits could be incorporate into human practice. One of the most economical 

ways is to use biotechnological methods for extraction and bioconversion of 
these bioactive compounds.  

Fungi contain extracellular enzymatic systems causing degradation of various 

wastes (Sánchez, 2009). In previous studies the valorization of wastes by solid 
culture fermentation using different fungi and substrates has been demonstrated. 

Evaluation of apple seed and cotton seed powder by Aspergillus niger for 
production of xylanase (Lee et al., 2008 Liu et al. 2008 ). Production of α-

amilase from rice by Aspergillus oryzae (Bhanja et al., 2008). Production of β-

glycosidase from flour supplemented with guava waste by Rhizopus oligosporus 

(Correia et al., 2004). Evaluation of pomace obtained from cranberry  by 

Lentinus edodes for production of β-glycosidase (Zheng & Shetty, 2000a). 

Bioconversion of corn cobs substrates by Sporotrichum thermophile for 
production of xylanase (Topakas et al., 2003). Laccase production from wheat 

bran and wheat straw by Pleurotus pulmonarius (Laccase) (Marques et al., 

2002) and by Pleurotus ostreatus (Baldrian & Gabriel, 2002). Wine pomaces 
are waste composed of grape seed, grape stalk and grape skin, produced during 

wine making. According to data of FAO grapes take place in 61 million tons/year 

of production. During wine making approximately 17-20% of grapes are 
separated as pomace which causes emerging of 12 million tons annually in the 

world. The wine pomace is rich in antioxidants (Kalli et al., 2018). It is 

considered as 20 times more powerful antioxidant than vitamin E and 50 times 
than C vitamin.  

The objective of this study was to  investigate the bioconversion of wine pomace 

by L. edodes MCC 55 by solid state fermentation. Pomace obtained during 
production of wines of two different grape variety (Gaziantep and Özbek) were 

subjected to solid state fermentation by L. edodas in presence of different 

compounds (CaCO3, NH4NO3). After fermentation, extractions were carried out 

by using different solvents (water, ethanol). The effects of all these parameters on 

inhibition of LDL oxidation, antioxidant activity, total phenolic contents, tartaric 

acid esters, total flavonols, total anthocyanins and some individual phenolic 
compounds were determined. 

 

 

 

 

 

Wine pomace is a by-product of wine industry. The objective of this investigation was to evaluate the biotransformation of wine pomace 
by L. edodes MCC 55. As substrates were used wine pomaces of Özbek and Gaziantep wines produced under conventional conditions. 

L.edobes MCC 55 cultures were used for biotransformation. During study were determined the effects of different media used during 
solid state fermentation (water and CaCO3, NH4NO3) and different solvents used during extraction (water and ethanol) on phenols and 

consequently their radical scavenging activities. 

The ethyl alcohol used during extraction stages was determined as more effective solvent regarding antioxidant activity (TEAC) values. 

Using of water both during fermentation and extraction steps was determined to be significant for increasing the values of 

hydroxycinnamic and hydroxybenzoic acids. There were determined close relations among total phenol, tartaric acid esters, flavonols, 

anthocyanins and gallic acid values with samples produced by solid state fermentation with additional nutrient and using ethyl alcohol 

during extraction stage. Close interaction between antioxidant activity (TEAC) values and samples obtained by using ethanol during 

extraction were indicated, also. These results demonstrated that by-products such as wine pomace could be successfully used for 

production of valuable bioactive compounds. 
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MATERIAL AND METHODS 

 

Material 

 
The wine pomaces were obtained from wine production by using Gaziantep and 

Özbek grapes processed in Ege University Engineering Faculty, Food 

Engineering Department. Grape pomaces were subjected to dring for 24 h / 60°C 
and milling to a fine powder form with size less than 1mm and kept in 

refrigerator before use. 

 

Microorganism 

 
Lentinus edodes MCC 55 was obtained from the Collection of Fatih Kalyoncu, 

Biology Department – Celal Bayar University in Manisa. Lentinus edodes MCC 

55 was propagated and preserved on PDA at 4 °C. The fungus was activated by 
transferring onto PDA plate and cultured for 20 days/28 °C before use.  

 

Culture media and solid state fermentation 

 

The production process was schematically shown in figure 1. Evaluated 

parameters and sample numbers are demonstrated in Table 1. Each grape pomace 
(Gaziantep and Özbek) were enriched with different media (0.5g CaCO3; 0.5g 

NH4NO3; 20 ml water). The media (125ml flasks) was sterilized at 121 °C/15 min 

conditions. Lentinus edodes MCC 55 (3%) mycelium prepared in PDA plate was 
inoculated into flasks and incubated at 28°C / 20 days. 

 

 

 
 

Figure 1 Production flow chart 
 

Extraction of phenolic compounds  

 

Obtained samples were mixed with water or 95% ethanol to dissolve the 

polyphenols (Waring Blender/1 min), centrifuged (15000x g for 20 min at 4°C) 

and filtered with Whatman paper No.1 to separate the suspended solids. 

Supernatant was used for determination of phenolic compounds (Yıldırım et al., 

2015). 
 

  
 

 

 

 

Table 1 Samples and process parameters 

Sample 

No  
Process parameters 

S1 
Gaziantep pomace/water addition in solid culture 

fermentation/extraction with water 

S2 
Gaziantep pomace/water addition in solid culture 

fermentation/extraction with ethanol 

S3 
Gaziantep pomace/water and nutrient addition in solid culture 

fermentation/extraction with water 

S4 
Gaziantep pomace/water and nutrient addition in solid culture 

fermentation/extraction with ethanol 

S5 
Özbek pomace/water addition in solid culture 

fermentation/extraction with water 

S6 
Özbek pomace/water addition in solid culture 

fermentation/extraction with ethanol 

S7 
Özbek pomace/water and nutrient addition in solid culture 

fermentation/extraction with water 

S8 
Özbek pomace/water and nutrient addition in solid culture 

fermentation/extraction with ethanol 

 

METHODS OF ANALYSIS 

 

Inhibition of low density lipoprotein (LDL) oxidation 

 

The Inhibition of %LDL oxidation was performed, as described before (Yıldırım 

et al., 2005). Plasma samples were subjected to stand for 30 min / room 
temperature with LDL particles and samples were centrifuged (1600 x 10 min). 

Then 0.015 N NaOH was added to the samples. Inhibition of %LDL oxidation 

was evaluated at 234 nm by spectrophotometer and the calculations were 
performed using the extinction coefficient of 29. 500 l mol-cm -1 

 

Antioxidant activity (TEAC) 

 

The antioxidant activity was determined by using ABTS radical decolourisation 

modified assay (Re et al., 1999). ABTS, 2,2′-azinobis (3-ethylbenzothiazoline-6-
sulfonic acid) was dissolved using water to a 7 μM concentration. The ABTS 

cation (ABTS•+) was produced by mixing ABTS stock solution with 2.45 μM 

potassium persulfate (final concentration) and stored in the dark / room 
temperature for 12 h before use. The samples containing the ABTS + solution 

were diluted with phosphate buffer solution (1/25: v v-1) to an absorbance of 1.0 - 

1.5 at 734 nm. After addition of 975 μl of diluted ABTS•+ solution to 5-25 μl of 
polyphenolic extracts absorbance values were read. Trolox was used as a 

standard. The results were expressed as Trolox equivalents (Teleszko & 

Wojdyło, 2015). 

 

Antioxidant activity (Total Sulfhydryl Group) 

 
The total sulfhydryl group analysis was determined as described before (Habeeb, 

1972). DTNB 5,5′-dithiobis (2-nitrobenzoic acid) was added sodium phosphate 

buffer (pH = 8.0) to a 0.08M. After addition of solution to polyphenolic extracts 
absorbance values were read. As a standard was used glutathione.  

 

Total phenolic content  

 

Total phenolic content was determined by the Folin-Ciocalteu method (Singleton 

& Rossi, 1965) by carrying out the following modification to reduce the assay 
volume. To 3.90 ml H2O was added 0.1 ml sample followed by 0.5 ml (25 ml 

Folin Ciocalteu reagent in 75 ml H2O) Folin-Ciocalteu reagent (Merck, 

Darmstadt, Germany) mix. After 3-6 min, 0.5 ml saturated sodium carbonate (20 
g Na2CO3 in 100 ml H2O) (Merck) was added. After vigorous mixing with a 

vortex and waiting for 30 min, the reading was performed at 725 nm (Pharmacia 

LKB Novaspec† II spectrophotometer, Uppsala, Sweden). The calibration figure 
was obtained by using following quantities of gallic acid stock solution: 0-1-2-3-

5-10-12-17 and 20 ml in 100 ml which is corresponding to 0-50-100-150-250-
500-600-850 and 1000 mg L-1 gallic acid. The results were expressed as gallic 

acid equivalents (GAE) using a calibration curve against a gallic acid (Merck) 

Standard (100 mg L-1) (Yıldırım et al., 2015). 

 

Tartaric ester content 

 
The amounts of tartaric ester were determined as caffeic acid equivalents using 

the modified version of the Glorie's method (Gil-Muñoz et al., 1999). Diluted 

samples (1ml) were mixed with ethanol (9 ml). The obtained solution was 
additionally mixed with 0.25ml of 1% HCl and 4.55ml of 2% HCl. After 

vigorous mixing with a vortex and waiting for 15 min, the reading was performed 

at 320nm (Pharmacia LKB Novaspec† II spectrophotometer, Uppsala, Sweden). 
The calibration curve was obtained by using following quantities of caffeic acid 

stock solution: 0-1-2-3-4 in 100ml. The results were expressed as caffeic acid 

equivalents (CAE) using a calibration curve against a caffeic acid (Merck) 
Standard (100 mg L-1) (Yıldırım et al., 2015). 

 

             Process 1                                                                  Process 2  

     

  Gaziantep grape                                                                    Uzbek grape    

 

 

     Alcohol fermentation                                                     Alcohol fermentation  

 Pomace         Pomace 

      

  Wine production         Wine production            

 

Solid culture fermentation                                        Solid culture fermentation  

         (Lentinus edodes MCC55 )                                        (Lentinus edobes MCC55) 

 

 

 

 

+ Pure water                  + CaCO₃                                            + Pure water            + CaCO₃ 

                                            + NH₄NO₃                                                                              + NH₄NO₃ 

                                     + Pure water                                            + Pure water  

 

Extraction procedures  Extraction procedures 

Fermented product 1   Fermented product 2                          Fermented product 3       Fermented product 4          

 

 

 

Water       Ethanol       Water       Ethanol               Water            Ethanol      Water        Ethanol  

 

1               2               3             4                               5                 6                7               8   
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Total flavonol content 

 

The amounts of tartaric ester were determined as quercetin equivalents using the 

modified version of the Glorie's method (Gil-Muñoz et al., 1999). Diluted 
samples (1 ml) were mixed with ethanol (9 ml). The obtained solution was 

additionally mixed with 0.25ml of 1% HCl and 4.55ml of 2% HCl. After 

vigorous mixing with a vortex and waiting for 15 min, the reading was performed 
at 360nm (Pharmacia LKB Novaspec† II spectrophotometer, Uppsala, Sweden). 

The calibration curve was obtained by using following quantities of quercetin 

stock solution: 0 - 0.25 - 0.5 - 0.75 – 1 - 1.25 – 1.5 and 2 ml in 100ml. The results 
were expressed as quercetin equivalents (CAE) using a calibration curve against 

a quercetin (Merck) Standard (100 mg L-1) (Yıldırım et al., 2015). 

 

Total anthocyanin (malvidin-3-diglucoside) content 

 
The monomeric anthocyanin was determined by spectrophotometric method, as 

described by AOAC Official Method (Mertens, 2005). The principle of this 

method is that the anthocyanins can form reversed colored and colorless forms at 
different pH values (pH: 1 colored form and pH: 4.5 colorless forms) and 

differences from these values in absorbance measurements for 

spectrophotometrically at 520 nm. The total monomeric anthocyanins content 
was expressed as malvidin-3-glucoside equivalents. 

 

High-performance liquid chromatography analysis (HPLC) 

 

Phenolic acids used as standards were obtained from Sigma Chemical Company 

Frankfurt/Germany). Solvents used were supplied by J.T. Baker (New 
Jersey/USA) and Riedel-de Haen AG (Darmstadt/Germany). Membranes (0.45 

µm pore size) used for filtration of the samples were obtained from Sartorius AG 

(Darmstadt/Germany) (16555 Minisart). The analyses were performed on an 
Agilent 1200 series HPLC (Agilent Technologies, Santa Clara, CA, USA) 

equipped with HPLC-UV-DAD detector. Separation was achieved on C-18 

column of 25 cm × 4.6 mm. 20 μl of filtered sample was injected to the system, 
column oven was set to 35°C, a flow rate of 0.8 mL min-1 was used. As the 

solvent A was used 0.1% (v/v) phosphoric acid, and as solvent B was used 

acetonitrile. Both solvents were degassed (ELMA LC 30/H ultrasonic 
bath/Darmstadt/Germany) for 15 min before using. Standards were prepared as 

500 ppm and calibration curves were evaluated. Quantitative determinations were 

carried out by the external standard method based on peak areas. Samples were 
filtered through a 0.45μm (Sartorius PTFE syringe filter) membrane. Each 

compound was tentatively identified by retention time under the same conditions 

(Kilinc & Kalkan, 2003). 

 

Statistical analyses 

 
Significant differences between means were determined at a 95% significance 

level. Using a Post-Hoc test, least significant difference (LSD) tests were 

performed. Multivariate data analysis techniques were performed to analyze all 
data by using standardized values of parameters. Principal component analysis 

permits the visualization of the original arrangement of wines in an n-

dimensional space, by identifying the directions in which most of the information 
is retained.  

 

RESULTS AND DISCUSSION 

 

The conversion of food wastes into various value-added products through solid-

state fermentation has been of major interest to many laboratories all over the 
world. This type of fermentation is carried out by using water-insoluble materials 

such as pomace for microbial metabolism compared with submerged 

fermentation. Pomace of grapes contains low amount of protein and high amount 
of tartaric acids that’s way it has limited use as animal feed. Its usage as fertilizer 

is not economically competitive and caused some environmental problems. Since 

grape pomace contains large amount of valuable bioactive compounds some 
ways of utilization have been developed. Among them are some physical and 

chemical extraction methods (Yıldırım et al., 2005; Pintác et al., 2018, Kalli et 

al., 2018). Except these procedures the best promising way of usage are by 

biotechnological techniques allowing separation of free and bound compounds. 

So, in this study the bioconversion of wine pomace by L. edodes in a solid state 
system with different medium and different exaction solvents has been evaluated.  

 

Evaluation of inhibition of LDL oxidation  

 

It is well known that the antioxidant properties of phenolic compounds found in 

red wine could lead to inhibition of low density lipoproteins oxidation (Frankel 

et al., 1995; Abu-Amsha et al., 1996; Teissedre et al., 1996). Frankel et al., had 

demonstrated also that alcohol-free components obtained from the wine inhibited 

LDL oxidation more prominently than alpha-tocopherol (Frankel et al., 1993). 
In our study, it was demonstrated that some compounds found in wine pomace of 

Gaziantep and Özbek grapes subjected to biotransformation by L. edodes MCC 

55 inhibit LDL oxidation. The LDL oxidation inhibition value was found to be 

55.95% for S2 sample and 48.80% for S6 sample. The highest LDL oxidation 
inhibition value was determined as 63.87% for S3 sample. The results 

demonstrated that inhibition of LDL oxidation is affected from grape varieties, 

addition of nutrients prior solid state fermentation and solvent type used during 
extraction. Better results were determined with Gaziantep grape variety, enriched 

medium and exaction with ethanol. Even the highest value was detected with 

water solvent all other results lead to higher percentage of inhibition of LDL 
oxidation by ethanol extraction (44 %) than with water (25%). In our previous 

studies we determined that grape varieties have a crucial role in inhibition of 

LDL oxidation in wines (Yıldırım et al., 2004; Yıldırım et al., 2005; Sezer et 

al., 2007; Öztürk et al., 2016). This is supported by other authors also (Martins 

et al., 2016; Annuziata et al., 2019). This is closely related with phenolic content 
and type of phenols present in grapes and respectively with their pomaces. It was 

emphasized that wine pomace medium supplemented with CaCO3 and NH4NO3 

allowed better growth of selected fungi, better biotransformation of phenols 
present in wine pomace and indirectly higher percentage of LDL oxidation 

inhibition. The effect of added nutrient to fruit waste and their effects over 

L.edobes was demonstrated in other studies, also (Zheng & Shetty, 1998; 

Vattem & Shetty, 2003).  

2). 
 

Evaluation of antioxidant activity 

 

Researches demonstrated that some phenolic compounds possess excellent 

antioxidant properties. (Correia et al., 2004; Keser et al., 2012; Öztürk et al., 

2016; Pintác et al., 2018). Phenolic compounds are known to have radical 

scavenging (antioxidant) activity that depends on their reactivity as hydrogen or 

electron donors, the stability of the radicals, and their relationship to other metal 
chelate properties (Zheng & Shetty, 2000,b; Correia et al., 2004; Randhir & 

Shetty, 2007). Most of these compounds are found in grapes and respectively in 

wine and wine pomaces (Keser et al., 2012; Öztürk et al., 2016). The type and 
quantities of phenols present in pomace determine the power of antioxidant 

activities after biotransformation. Considering the antioxidant activity (TEAC) of 

samples obtained at different conditions (solid state fermentation, extraction 
process) there were determined significant differences (p < 0.05) among samples 

regarding the medium (without nutrient/nutrient addition) used in the solid state 

fermentation stage and the solvents (water / ethanol) used in the extraction stage. 

The highest antioxidant activity (TEAC) values (0,48% ) was obtained in samples 

of Gaziantep wine pomace with addition of CaCO3 and NH4NO3 to the medium 
considering fermentation stage and using of ethanol at extraction process. The 

C/N ratio (10/100) is an important indicator of nutritional regulation of fungi 

growth during solid state fermentation. Usually the presence of C and N is more 
important than the ideal ratio. In most studies of using pomace during such 

fermentation the carbon source coming from natural sources could be enough but 

the nitrogen source is usually insufficient (Vattem & Shetty, 2002; Shah et al., 

2005; Gaitán-Hermández et al., 2006). As was in case of LDL oxidation 

inhibition values, the antioxidant activity values was higher in samples with 

fermentation medium supplemented with CaCO3 and NH4NO3 allowing better 
growth of selected fungi, better biotransformation of phenols present in wine 

pomace. The positive correlations were determined between total phenols (gallic 

acid equivalent) and antioxidant activity (TEAC) (r = 0.73, p <0.038). As was in 
the case of LDL oxidation the higher percentage by antioxidant activity was 

detected by ethanol extraction (0,40 %) than with water (0,32%). These results 

indicated that most phenols remaining in wine pomace of Gaziantep and Özbek 

acting as antioxidants are ethanol extractable ones. The solvent power of ethanol 

was determined by other authors, also (Zheng& Shetty, 1998; Vattem & 

Shetty, 2003; Pintác et al., 2018) The antioxidant activity value in case of the 
total sulfhydryl group was found to be 319.84 nmol ml-1 as the highest value in 

the S1 sample (Gaziantep wine pomace) with medium without any added 

nutrients during solid state fermentation and extraction done with water as the 
solvent. In case of addition of CaCO3 and NH4NO3 to the medium and extraction 

with ethanol the highest antioxidant activity value (total sulfhydryl) was obtained 

as 314.50 nmol ml-1 in the sample of S4 (Gaziantep wine pomace) and the lowest 
value as 283.20 nmol ml-1 in the sample of S8 (Özbek wine pomace). These 

differences were found to be statistically insignificant. Among the samples 

without nutrients, 316.79 nmol ml-1 value was found to be the highest in S6 
sample extracted with ethanol using Özbek grape pomace. In case of addition of 

CaCO3 and NH4NO3 to the medium and extraction with ethanol the highest 

antioxidant activity value (total sulfhydryl) was obtained as 314.50 nmol ml-1 in 
the sample of S4 (Gaziantep wine pomace) and the lowest value as 283.20 nmol 

ml-1 in the sample of S8 (Özbek wine pomace). 

 

Evaluation of total phenolic contents, tartaric acid ester, total flavonol and 

total anthocyanin 

 
Phenolic compounds found in grape pomace are mostly found in bound 

(insoluble) form and only relatively small amounts were in free phenolic acid 

form. (Yıldırım et al., 2015).That’s way the analyses of phenols covered some 
main groups as total phenolic contents, tartaric acid esters, total flavonols and 

total anthocyanins and some individual phenolic compounds. 
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The highest total phenol value (259 mg l-1) was obtained in the sample S4 by 
using Gaziantep wine pomace with addition of nutrients (CaCO3 and NH4NO3 ) 

and extraction with ethanol. In case of solid state fermentation without any 

nutrients and using of water during extraction the total phenol values drop to 175 
mg l-1 (S1 sample). In previous studies changes of total phenol values were 

determined in cranberry pomace using solid state fermentation by L. edodes 

(Vattem & Shetty, 2003) and Rhizopus oligospous (Vattem & Shetty, 2002). 
They demonstrated that at the end of fermentation, the extraction of phenolic 

compounds with ethanol lead to higher phenolic component content than 

treatment with water. Our results support these findings. Considering using of 
different solvents during extraction stage it has been found that there is a 

statistically significant difference between (p < 0.05) total phenolic content 
(gallic acid equivalent), tartaric acid ester (quercetin equivalent) and gallic acid 

content. Positive correlations were determined between total phenols ( gallic acid 

equivalent) and antioxidant activity (TEAC), (r=0,73, p<0,038), tartaric acid 
esters (quercetin equivalent) (r=0,98, p<0,020); total anthocyanins (malvidin-3 

glycoside) (r=0,86, p<0,006), total flavonol (caffeic acid) (r=0,94, p<0,002) and 

gallic acid (r=0,72, p<0,045). 
Similar relations were obtained for the tartaric acid esters. With addition of 

CaCO3 and NH4NO3 to the medium during solid state fermentation and extraction 

with ethanol the highest tartaric acid esters value (1.11 mmol -1 L) was obtained 
by using Gaziantep wine pomace (S4).The effects of added nutrients and used 

grape origin were seen in the following values. In samples with medium without 

nutrients and extraction with ethanol the highest value for the tartaric ester was 
found to be 1.01 mmol L-1 in the sample S2 using Gaziantep wine pomace. 

Changing the grape origin (Özbek) and using medium without nutrition lead to 

drop of tartaric acid esters value to 0.75 mmol L-1 in the sample. Positive 
correlations were determined between tartaric acid (quersetin equivalent) and 

antosiyanin (malvidin-3 glycoside) r=0,92, p<0,002), (caffeic acid) (r=0,97, 

p<0,002) and gallic acid (r=0,80, p<0,045). 
Wine pomace obtained of fruits Vitis spp. are known to be rich in flavonoids and 

their derivatives (12,15,16). The highest total flavonol value (0,49 mmol -1 L) 

was found in the sample S4 by using Gaziantep wine pomace without addition of 
nutrients (CaCO3 and NH4NO3 ) and extraction with ethanol. The highest total 

anthocyanins value was found to be 54.41 mmol L-1 as was in the case with 

flavonol content in the samples obtained with medium without nutrient and 
treated with ethanol as solvent in Gaziantep wine pomace. With the addition of 

CaCO3 and NH4NO3 to the medium and extraction with ethanol the total 

anthocyanins content was drop to 46.07 mmol L-1 and flavonol drop to 0.45 
mmol L-1 .These results demonstrated that the accumulation of anthocyanin and 

flavonol content could be performed without any additional nutritional supply for 

medium during solid state fermentation. Positive correlations were determined 
between tartaric acid esters (quercetin equivalent) and anthocyanins (malvidin-3 

glucoside) (r = 0.92, p <0.002), flavonol (caffeic acid), (r = 0.97, p <0.002) and 

gallic acid (r=0.80, p<0.045).  
 

Evaluation of phenolic compounds analyzed by HPLC  

 
Extraction and bioconversion of phenolic compounds from fruit pomace have 

been reported in many studies (Zheng & Shetty, 2000 a; Vattem & Shetty, 

2002; Vattem & Shetty, 2003). Zheng and Shetty investigated using of 
cranberry pomace as a substrate for production of free phenolics by L.edodes 

(Zheng & Shetty, 2000a). The results demonstrated that L.edodes could be 

played an important role for production of phenolic compounds. Considering the 

importance of the phenolic groups found in grape, wine and respectively in wine 

pomace some phenolic compounds were identified and evaluated by high-

performance liquid chromatography (HPLC). 
One of the main representatives of phenolic acids in wine pomace is 

hydroxycinnamic acid. The highest value (0,79 ppm) of its was obtained in the 

sample by using Gaziantep wine pomace with addition of nutrients (CaCO3 and 
NH4NO3 ) during solid state fermentation and ethanol during extraction. Slightly 

low value was obtained with conditions without additional nutrients (0,71 ppm). 
The other one important representative of phenolic acids in wine pomace is 
hydroxybenzoic acid. The highest values for hydroxybenzoic acid and gallic acid 

were obtained as was in case of hydroxycinnamic acid conditions. Similarly, 
Zheng & Shetty, 2000 demonstrated that ellagic acid increases after solid state 

fermentation using cranberry pomace by L.edodes. Our results are in accordance 

with previous data obtained during bioconversion of phenols and their releases as 
aglicone forms (Zheng & Shetty, 1998; Zheng & Shetty, 2000a; Vattem & 

Shetty, 2003; Gaitán-Hermández et al., 2006; Lee et al., 2008).  

Principal component analysis (eigenvalue count), shown in figure 2, was 
performed on the dataset to investigate the interrelationship of the attributes and 

to show the differences among products and the analyzed parameters. The 

loading plots for the first two factors (53.79% x 20.04%) were assumed to sum 
up the first two principal components with more than 73.00%. Since the 

distribution of the analyzed parameters (figure 3), the samples prepared with 

different fermentation media (figure 4) and the different solvents (figure 5) have 
the same values as 53.79% x 20.04%, these parameters were evaluated together 

fitting the values. 
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Figure 2 Eigenvalue number 
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Figure 3 Distribution of analyzed parameters (solid culture fermentation / 

extraction processes) 
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Figure 4 The effects of medium (pure water / added nutrients) on the parameters 

used in solid culture fermentation stage 
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Figure 5 The effects of medium (pure water / ethyl alcohol) on the parameters 
used in the extraction stage 

 

As a results of such analyses there were determined close relations among total 
phenol, tartaric acid esters, flavonols, anthocyanins and gallic acid values with 

samples produced by solid state fermentation with additional nutrient and using 

ethyl alcohol during extraction stage. Similar results were obtained for 
hydroxycinnamic and hydroxybenzoic acids, also. Close relation between 

antioxidant activity (TEAC) values and samples obtained by using ethanol during 

extraction were indicated.  
 

CONCLUSION 

 

The present work demonstrated feasibilities of wine pomace biotransformation 

by solid state fermentation using L. edodes MCC 55 with different nutrient 
medium and different extraction solutions. Wine pomace of Gaziantep and Özbek 

grapes subjected to biotransformation by L. edodes MCC 55 caused inhibition of 

LDL oxidation. The percentage of inhibition is affected by used grape varieties, 
addition of nutrients prior solid state fermentation and solvent type used during 

extraction. Better results were determined with Gaziantep grape variety, enriched 

medium and exaction done with ethanol.  
Wine pomace medium supplemented with CaCO3 and NH4NO3 allowed better 

growth of selected fungi, better biotransformation of phenols present in wine 

pomace causing higher antioxidant activity (TEAC) and indirectly inhibition of 
LDL oxidation. The accumulation of anthocyanin is less affected by additional 

nutritional supply of medium during solid state fermentation.  

The results of multivariate analyses demonstrated close relations among total 
phenol, tartaric acid esters, flavonols, anthocyanins and gallic acid values with 

samples produced by solid state fermentation with additional nutrient and using 

ethyl alcohol during extraction stage. Similar results were obtained for 
hydroxycinnamic and hydroxybenzoic acids, also. Marked relation was 

determined between antioxidant activity (TEAC) values and samples obtained by 

ethanol extraction. 
These results revealed that by-products such as wine pomace could be 

successfully used for production of valuable bioactive compounds by solid-state 

fermentation considering extraction solvents, used culture and biotransformation 

conditions. 
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