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Abstract: The methods for producing natural resveratrol are of big interest because of the many health benefits of this substance and
its increasing use in functional foods, food supplements and para-pharmaceutical preparations. Generally, resveratrol is extracted
from different natural sources, most of them usually produced for consumption purposes (grapes, nuts). This paper presents a method
for  recovery  of  resveratrol  from a  widely  available  raw material  -  grapevine  stems,  a  by-product  of  vine  pruning.  An  efficient
extraction-fractionation  scheme  is  developed,  based  on  shifting  the  phase  equilibrium,  by  which  more  concentrated  extracts  of
resveratrol are obtained. After a simple extraction, the initial extract is further separated into two fractions, containing either water or
ethanol-soluble compounds. Using this approach, the resveratrol’s low water solubility helps isolate it  from other water-soluble
substances. The resulting product is almost ten times more concentrated in trans-resveratrol than the initial total extract. Additionally,
a  fraction containing water-soluble  polyphenols  is  obtained,  which could  be  used for  water-based pharmaceutical  and cosmetic
preparations.
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1. INTRODUCTION

Resveratrol (3,5,4’-trihydroxystilbene) is a natural phenol compound which belongs to the stilbene family. It was
first isolated from a poisonous plant, Veratrum album [1]. Due to its many health benefits, this substance is the subject
of intensive research. Resveratrol exists as two structural isomers-cis and trans. Resveratrol’s trans-isomer is stable, has
better  biological  activity,  and  is  naturally  produced  by  some  plants  as  a  self-defense  agent  in  response  to  fungal
infection, injury, or exposure to ultraviolet light [2, 3].

Resveratrol  is  found  in  more  significant  quantity  in  the  roots  of  Japanese  knotweed  (Itadori  plant,  Polygonum
cuspidatum), in grapes and in many other fruits and vegetables commonly used for human consumption, e.g. peanuts,
blueberries, cranberries, mulberries etc. [4 - 6].

Numerous studies on resveratrol have demonstrated positive health effects such as reduced coronary heart disease
and atherosclerosis [7, 8], reduced effects of some neurological diseases (Alzheimer, Parkinson) [9] and carcinogenesis
[10]. Resveratrol helps counteract the detrimental effects of a high-fat diet [11,12] and shows ability to increase stress
resistance and lifespans [13].

Due to its  significance in  both plant  protection and human health,  there  is  growing interest  in  the extraction of
resveratrol  from different natural  sources,  most of them usually produced for consumption purposes (grapes,  nuts).
While  there  is  already  evidence  of  high  resveratrol  concentration  in  grape  berries  and  red  wine,  there  is  recent
information for its presence in the grapevine itself. Resveratrol concentration varies by plant part and is highest in the
stems and minimal in the leaves [14].  This is  why grapevine stems, which are by-products of vine pruning usually
destroyed by burning, can be regarded as a widely available potential source of natural resveratrol.
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Almost insoluble in water, resveratrol has been extracted by numerous organic solvents or their mixtures with water
[15]. Previous studies on extraction of resveratrol from grapevine stems have revealed the importance of the dielectric
constant  of  organic  or  organic-water  solvents  on  the  extraction  yield  [16].  The  most  commonly  used  solvent  is  an
ethanol-water  mixture  [16  -  20].  A  multi-step  extract-enrichment  process  using  a  rather  specific  and  low-capacity
laboratory technique has been previously proposed for the separation of resveratrol from the crude ethanolic extract:
preparative column chromatography on polyamide carrier [21]. In general,  the reported studies aim to obtain better
yields  and  more  concentrated  extracts  of  resveratrol.  The  purpose  of  the  present  work  is  to  treat  the  extraction  of
grapevine stems in a more complex manner, combining better yield of total extract and separation of organic-soluble
polyphenols, including resveratrol, from water-soluble polyphenols. On one hand, such separation is a way to obtain
more concentrated resveratrol fraction, and on the other hand, it allows the recovery and further use of the water-soluble
polyphenols present in the total extract.

2. EXPERIMENTAL

2.1. Plant Material

The solid matter to be extracted consists of dry vine stems of Cabernet Sauvignon cultivar from Plovdiv region of
Bulgaria, year 2012. They are disintegrated into 1-2 mm particles.

2.2. Chemicals and Analyses

Trans-resveratrol, acetonitrile, Folin-Ciocalteu reagent (2N solution) and Gallic acid (GA) were provided by Sigma-
Aldrich (Germany). Ethanol 96% and dehydrated Na2CO3 were purchased from Valerus (Bulgaria). The solvent was a
mixture of 77% ethanol and 23% water.

Analyses were made for trans-resveratrol (TR) and total polyphenolic content (TPC) of the products obtained.

2.3. Trans-Resveratrol

HPLC  reverse-phase  methods  are  typically  more  convenient  than  other  forms  of  liquid  chromatography  [22].
Analyses were performed using a Knauer HPLC system comprised of a sample injector, Knauer Smartline Menager
5000, Knauer Smartline Pump 1000, and variable wavelength detector. Trans-resveratrol peak areas were determined at
306 nm. Analyses were performed by using C-18 Supelco column (250 mm, 4.6 mm). The mobile-phase flux was 0.6
mL min-1. The eluent was a mixture of 40% acetonitrile and 60% water. The injection volume was 10 μl. Calibration
was done using trans-Resveratrol solutions 0.1-0.5 g L-1. Trans-resveratrol standard was stored at low temperature (4oC)
in a flask wrapped with aluminum foil to minimize light-induced isomerization.

2.4. Total Polyphenolic Content (TPCGA)

TPC was determined by the standard method using Folin-Ciocalteu reagent [23]. The treated extract samples obtain
a color proportional to their TPC. Their light absorbance was analyzed with double-beam UV-VIS-spectrophotometer
(UNICAM®-Helios β) at 765 nm and the TPC was evaluated comparatively to a calibration line obtained with Gallic
Acid as a standard (TPCGA).

2.5. Yield of Dry Extract

It was obtained by evaporation of the liquid extracts at mild temperature (80oC) and weighting of the dried solid
residue.

2.6. Experimental Procedure

The solvent used is 77v%/23v% ethanol/water mixture, which is in the 70-80% ethanol content range found to have
high extraction affinity to resveratrol [16].

As  reported,  the  extraction  yield  is  improved  when  raising  the  temperature  [17],  undoubtedly  due  to  increased
solubility at  higher temperatures.  Consequently,  the extraction is  conducted at  solvent’s boiling point  under reflux.
Additional agitation is not applied because the convective agitation at boiling is rather intensive.

Our preliminary study has shown that solvent-to-solid ratio (hydromodule) of at  least 5:1 is necessary for good
wetting  of  raw  material  and  for  providing  efficient  interphase  contact.  At  this  or  higher  hydromodule,  solubility
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constraints due to insufficient quantity of solvent are avoided. Also, our kinetic studies have shown that processing time
of about 1 hour is enough for completing the extraction (see Fig. 1). Longer phase contact does not result in higher yield
of extracted matter.

Fig. (1). Kinetics of polyphenols’ extraction from vine stems.

Based on our previous experience [18,19], extraction at high temperature, high enough solvent-to-solid ratio, and
contact  time  of  about  1  hour  creates  the  necessary  conditions  for  reaching  a  quasi-equilibrium  state,  i.e.  only
insignificant quantity of solid matter is  further extracted at  longer phase contact.  So,  the solid-solvent mixture was
extracted twice by boiling in a flask under reflux for an hour (temperature about 80°C for ethanol-water mixture used, at
hydromodule 1/10 - 10 g plant material and 100 mL solvent). Both extracts were collected together and sampled for
analyses (TR, TPC, and dry matter). The crude liquid extract was then distilled to remove the ethanol. This shifted the
phase equilibrium in the residue towards low solubility of resveratrol (which is soluble in ethanol). So, in the absence of
ethanol, the target component should precipitate. The separation was aided by cooling the liquid extract in refrigerator
(4oC) for 12 hours, which resulted in sediment formation. The precipitated material was removed by filtration, dried,
weighed  and  then  analyzed  for  TR  and  TPC.  The  remaining  filtrate  was  an  aqueous  solution  of  the  water-soluble
components  dissolved  initially  in  the  crude  extract.  This  filtrate  was  also  dried  and  analyzed  for  TR and  TPC.  As
resveratrol  was our only target,  other polyphenolic compounds were quantified as a group (TPC) and not as single
components.

The ethanol-water solvent co-extracts a number of substances soluble in either ethanol or water. The purpose of the
above procedure is to separate the total initial extract into two fractions an ethanol-soluble fraction and a water-soluble
fraction.  The  precipitate  produced  after  ethanol  removal  contains  predominantly  ethanol-soluble  substances,  i.e.
resveratrol should be retained in the precipitate, while the remaining liquid phase contains predominantly water soluble-
components. Consequently, their separation from the total extract helps to obtain a fraction with higher concentration of
the target component.

3. RESULTS AND DISCUSSION

Generally,  the  experiments  were  carried  out  in  triplicate  runs  in  order  to  ensure  higher  accuracy  and  to  check
reproducibility. The results reported represent mean values of repeated runs. The experimental results for dried matter
yields of total extract, solid residue after ethanol removal (“Ethanol” fraction) and filtrate (“Aqueous” fraction) are
given in Table 1 (column C1) as mg of solid matter per g of raw material.

According to Table 1, which shows quasi-equilibrium state extraction results, the yield of total extracted matter at
the above-mentioned extraction conditions is 43.7 mg g-1 raw material (column C1, row R2), or 4.37%. Polyphenols are
14.4% of this crude product (C3, R2), and the amount of trans-resveratrol is 3.5% (C2, R2).
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Table 1. Amounts of extracted matter at quasi-equilibrium state.

 
C1 C2 C3

Extracted solid matter mg g-1 rm Trans-resveratrol mg g-1 Polyphenols mg g-1

R1 Raw material (rm) - 1.5 6.3
R2 Dry total extract 43.7 35.0 143.7
R3 “Ethanol” fraction 4.6 284.6 295.1
R4 “Aqueous” fraction 39.0 ~0 103.0

After filtration and drying, the precipitate (“Ethanol” fraction) contains 28.5% trans-resveratrol (C2, R3), which in
practice is the full trans-resveratrol content of the total extract since the filtrate (“Aqueous” fraction) is essentially free
of resveratrol (C2, R4). As a result of this proposed separation scheme, the concentration of trans-resveratrol in the
“Ethanol” fraction is 8 times higher than in the total extract (R3/R2 of column C2) or 190 times higher compared to its
concentration in the raw material (R3/R1 of column C2).

Since resveratrol  is  a  phenolic  compound,  preferably soluble in ethanol,  the “Ethanol” fraction contains mostly
trans-resveratrol  (row  R3,  C2/C3=0.964)  and  a  small  amount  of  other  ethanol-soluble  polyphenols  (row  R3,  (C3-
C2)/C3=0.035). The dry “Aqueous” fraction contains about 10% of water-soluble polyphenols (C3, R4). The part of
resveratrol in all extracted polyphenols is about 24% (row R2, C2/C3).

The distribution of TR in the course of the proposed extraction and fractionation method is illustrated in (Fig. 2).

Fig. (2). Process scheme

According to [21],  the content of trans-resveratrol in vine stems varies significantly with cultivar and period of
pruning.  Autumn-harvested stems contain  more resveratrol,  from 1 to  4.7  mg g-1  stems depending on cultivar.  Our
results show 1.53 mg g-1, which falls in the above range and quantifies the content of TR in the dry stems of the studied
cultivar Cabernet Sauvignon from a local region from a particular year.

CONCLUSION

An  efficient  process  is  developed  for  recovery  of  resveratrol  from  vine  stems.  Based  on  shifting  of  phase
equilibrium,  this  method  allows  for  obtaining  significantly  more  concentrated  extracts  of  resveratrol  compared  to
conventional  solid-liquid  extraction.  To  achieve  this,  the  initial  extract  obtained  via  classical  extraction  is  further
separated into two fractions, containing either water or ethanol soluble compounds, respectively. Using this approach,
resveratrol is separated from water-soluble substances and the resulting fraction is about 8 times more concentrated in
resveratrol than the initial  extract.  Additionally,  a fraction containing water-soluble polyphenols is obtained, which
could be useful for application in water-based pharmaceutical and cosmetic preparations.
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Generally,  the  proposed  method  is  appropriate  for  efficient  recovery  of  resveratrol  from  a  widely  available
renewable  natural  raw  material  (grapevine  stems)  usually  treated  and  discarded  as  waste  otherwise.
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