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Abstract: Grape seed contains many polyphenolic compounds that have potential health-promoting benefits. Among the-
se compounds are proanthocyanidins, also known as condensed tannins, which is a class of flavanols. The basic structural 
building blocks of flavanols are polyhydroxyflavan-3-ol units linked together by C-C bonds. They are widely distributed 
in plants but grape seed has very high contents. This study examined extraction and purification technologies for obtain-
ing proanthocyanidins from grape seeds and analytical methods and tools for characterizing them.  
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1. INTRODUCTION 

 Polyphenolic compounds are common in all plants. They 
are necessary components of plant physiology because of 
their involvement in the areas of plant color, growth, in-
creased resistance to predation due to astringency of taste, 
and many other factors [1]. While polyphenolic compounds 
do vary from species to species of different plants, and in 
some cases even between variety of plants within a species, 
their potential to be used as healthful compounds for improv-
ing human health, when they are consumed, is the same.  
 Proanthocyanidins are polyphenolic compounds that can 
be found in the plant physiology of several plant species, are 
mainly concentrated in tree barks and outer skins of seeds. 
Grape seeds are one of the richest sources of 
proanthocyanidins [2]. Public awareness of the antioxidant 
and free radical-scavenging abilities of these phenolic com-
pounds results largely from the potential of these compounds 
to increase human health in many ways. Reductions in cardi-
ovascular disease, cerebrovascular diseases, and cancer mor-
tality are just some of the noticeable examples associated 
with these phenolic compounds [3-5]. Recent advances in 
the field of nutraceuticals have shown that the compounds 
found in grapes exhibit even more benefits than initially be-
lieved. This paper aims at reviewing these compounds found 
in the anatomy of the grape seeds and current methods of 
separation and characterization of proanthocyandins.  

2. OVERVIEW OF SEPARATION METHODS 

2.1. Chemistry of Proanthocyanidins 

 Proanthocyanidins are commonly referred to as con-
densed tannins and a class of flavanols, which belong to the 
larger group of polyphenolic compounds. Proanthocyanidins  
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can be viewed as essentially polymer chains of flavanols 
such as catechins. Polyphenolic compounds evolve from the 
plant’s natural metabolic synthesizing pathways of either the 
acetate pathway or the shikimate pathway [1]. Polyphenolic 
compounds come in a number of chemical structures and 
sizes consisting of different monomer units. There is great 
diversity amongst the monomer units and basic structures of 
the compounds produced. Polyphenols can exist in monomer 
form, however they are usually found in conjugated form in 
nature. Sugars are the most common compounds to attach to 
polyphenols; these compounds will also form bonds with 
other phenol groups, various organic acids, and even lipids. 
It is the hydroxyl group of the polyphenolic compound, more 
often than not, which links to sugar residues found naturally 
within the plant. These sugar compounds vary in chain 
length size and composition, though glucose is the most of-
ten found due to its prevalence in plant physiology. While it 
is possible for plant sugar residue to link to one of the aro-
matic carbons of the compound, this is not the most common 
form of attachment. 
In 1989, Harborne categorized the major plant producing 
polyphenolic compounds into classes [1]. This classification 
was primarily designed based on the chemical structure of 
the polyphenol. The compounds can be seen varying in size 
based on carbon skeleton structure and also on the side 
chains associated with them. With respect to grape seeds and 
the proanthocyanidins associated with them, the most im-
portant group on the chemical structure is the flavonoids 
grouping. Harborne further separated this polyphenolic 
group into 13 subcatagories, with proanthocyanidins being 
one of the classes [6].  
Proanthocyanidins are of a diphenylpropane structure of C6-
C3-C6. Most often found as a glycoside derivative, this com-
pound class is composed of three monomer units of catechin, 
epicatechin, and epigallocatechin [7] (See Fig. 1). 
Proanthocyanidins vary in size from monomer form to oli-
gomer form, occurring as monomers, dimers, trimers, and 
oligomers as large as 20 or more units in the form, though 
higher molecular weight polymers are typically the norm [3]. 

http://en.wikipedia.org/wiki/Flavanol�
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The various forms of these compounds allows for most of 
them to be water soluble, though larger condensed tannins 
have been found to be insoluble.  

2.2. Healthful Properties of Proanthocyanidins 

 Proanthocyanidins, as a whole, cause many bioactivities 
that produce positive, healthful changes in the human body. 
It had been demonstrated that these compounds exhibit anti-
oxidant properties and help the body ward off cardiovascular 
disease [4, 8, 9], various immune disorders, and neurodegen-
erative disease [10-12]. Perhaps the most widely known 
health related anecdote from products associated with grapes 
was the explanation of so-called “French paradox”, in which 
red wine was shown to reduce the risk of coronary heart dis-
ease [13, 14]. However, all phenolic compounds with antiox-
idant properties react in the same manner with free radicals 
to help prevent all of the above afflictions. Total phenols (or 
antioxidant effect) of a plant species can be measured using 
the Folin-Ciocalteu reaction. Results are typically expressed 
as gallic acid equivalents (GAE). 
 Phenolic compounds as a whole are healthful due to both 
their ability to terminate free radicals and to acting as metal 
chelators. Both free radicals and metals are known to help 

catalyze lipid peroxidation reactions, which leads to many 
human ailments. The proanthocyanidins and other healthful 
phenolic compounds prevent this and other oxidation reac-
tions via hydrogen donation from the phenol to the free radi-
cal containing compound. The typical base structure with 
ring stability helps support the free radical that it is left with 
and therefore does not react again to initiate oxidation. (See 
Reactions A) However, the free radical polyphenol can also 
act as a terminator for a free radical reaction sequence by 
reacting again with another free radical [15]. (See Reactions 
B) 
Reactions A: ROO. + AH -> ROOH + A. 
RO. + AH -> ROH +A. 
Reactions B: ROO. + A. -> ROOA 
RO. + A. -> ROA [16] 
 The ability of a compound to act as an antioxidant de-
pends highly on its chemical structure. In the case of 
polyphenolic compounds, the group, flavonoids, contains the 
highest ability to act as an antioxidant due to its natural 
structure. Containing such compounds as an o-diphenolic 
group, a 2-3 double bond conjugated with the 4-oxo func-
tion, and ideally placed hydroxyl groups on the rings, the 
flavanoid is able to give off hydrogen and become a radical 
without losing much stability [17-19]. 
As antioxidants, proanthocyanidins have high oxygen radical 
scavenging capacity in human body. Foods rich in 
proanthocyanidins have been linked to a number of health 
benefits ranging from cardiovascular health, cancer preven-
tion, and anti-aging. They are also shown to protect body 
from environmental stresses such as smoking and pollution 
[20].  

3. METHODS OF SEPARATION 

3.1. Various Separation Methods 

 The method used to separate proanthocyanidins from 
grape seeds is just as important as the benefit that they pro-
vide to the person consuming them. Without proper 
knowledge of extraction techniques, one cannot characterize 
these compounds properly. Due to their variations in size and 
structure, most current separation methods are designed to 
not only extract one particular type of proanthocyanidin, but 
also extract as many different types as the methods can. 
However, with the complex nature of some 
proanthocyanidins, most methods have been shown to prove 
to be effective on the lower molecular weight polyphenolic 
compound.  
 The method which has been utilized most often in separa-
tion of proanthocyanidins from grape seeds is liquid/liquid 
extraction using various polar solvents, sometimes with the 
help of ultrasound, microwave, enzyme, and mechanical 
treatment of seeds [21, 22]. Subcritical water extractions of 
proanthocyanidins from grade seeds have also been reported 
[23, 24] and supercritical CO2 technique was used to extract 
grape seed oil that contains proanthocyanidins [25]. While 
the main liquid in liquid/liquid extraction does vary, the liq-
uid/liquid extraction appears to usually utilize water contain-
ing polar solvent; the amount varies depending on the asso-

 
Fig. (1). Several possible building blocks of 
proanthocyandins from. 
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ciative liquid in the system. Exclusive as the extraction can 
be, characterization of these compounds appears to be highly 
dependent on exactly what the experimenter is trying to 
achieve with the experiment. If he or she intends to generate 
significant amounts of test compounds, which then can be 
used for bioavailability and bioactivity studies, and analyti-
cal purposes, then a more elaborate preparative isolation of 
phenolic compounds by using chromatography is called for. 
If he or she intends to obtain maximum amount of phenolic 
compounds such as proanthocyanidins from grade seeds, a 
large throughput process may be used and HPLC is then em-
ployed to investigate the presence of several categories of 
phenolic compounds. To complicate the matter further, the 
phenolic compounds are very unevenly distributed in grape 
seeds with up to 90% phenolic compounds found in seed 
coat [26]. Thus, preparatory steps before liquid/liquid extrac-
tion are very important in obtaining maximum yield and 
minimum impurity. 

3.2. Liquid/Liquid Extraction with Ethyl Acetate  

 Liquid/liquid extraction is the main method of isolating 
proanthocyanidins from grape seeds and other materials that 
contain this type of compounds. Ethyl acetate and water is 
the most commonly used liquid/liquid solvent system of this 
method [26, 27]. A typical procedure using this solvent mix-
ture involves a 24 hour wait, decantation of the extract, dry-
ing, and mixing with a precipitating agent, such as petroleum 
ether, which allows the solid to be filtered out late on [28-
30]. Other extraction methods that use methanol, ethanol, 
and acetone (all with water) have proven to be effective, but 
not as effective as ethyl acetate and water for extracting 
proanthocyanidins [31]. The higher the number of hydroxyl 
groups found on the proanthocyanidin, the easier it can be 
extracted using this type of liquid/liquid extraction.  
 The initial form of grape seed is important to take into 
consideration for extracting proanthocyandins. Most extrac-
tions in the studies began with whole grapes, handpicked 
from a specific location with the full skin intact. The skin 
and flesh are then hand removed and the seeds are thus sepa-
rated [30, 32]. Upon drying, the seeds are ready for extrac-
tion and can be stored under standard freezing conditions 
until use. There is no information found on whether or not 
freezing would damage the integrity of the seeds themselves 
or the proanthocyanidins they contain. Proanthocyanidins 
can be extracted from the seeds as a whole, or the seeds may 
be ground and then extracted. The general observation from 
several studies has shown that grinding grape seeds would 
not result in an increase in amount of proanthocyanidins ex-
tracted, but rather a reduction in the time of the extraction 
[28, 31]. However, these accounts have also noted that grind-
ing leads to more impurities being produced in the extrac-
tion. 
 Several studies have been performed to identify the op-
timal conditions of extraction using ethyl acetate and water. 
While it appears to be possible to extract proanthocyanidins 
from grape seeds only using ethyl acetate, it also appears 
impractical due to its long rate of reaction. The ethyl acetate 
alone cannot permeate through the grape seed matrices thus 
allowing the release of the proanthocyanidins from the seeds. 
Combining the ethyl acetate with water directly affects the 

reaction rate because the water helps to increase permeability 
[29].  
Water added to the system shows a direct relationship with 
an increase in yield and also in reaction rate of the extraction 
of proanthocyanidins. Based on the studies performed, ex-
traction of polyphenolic compounds found in grape seeds is 
optimal when the extraction system is saturated with water. 
This optimum is found to be 10% water content in the sys-
tem of ethyl acetate/water (90:10), assuming that the water 
content in the saturated grape seeds is found to be between 
33-35% and that ethyl acetate is saturated with water be-
tween 3.3-3.5%. When water concentration in the extraction 
system is below 10%, it was found that since the grape seeds 
are not saturated, optimum selectivity and yield could not be 
reached. This observation also holds true for extraction sys-
tems which contain more than 10% water. These higher wa-
ter concentration extraction systems experienced a decrease 
in selectivity as well; however they did experience a small 
increase in yield of proanthocyanidins from the grape seeds 
[28, 29]. 
Extraction time is also an important factor in extraction of 
proanthocyandins from grape seeds. The optimal reaction 
time from the extraction studies was shown to be 24 hours 
for extracting polyphenols from grape seeds. However, alt-
hough the 24-hour time frame does result in the maximum 
amount of proanthocyanidins being extracted from grape 
seeds, the question remains: is this really necessary? It has 
been shown that extraction increases rapidly up to 15 hours 
and then plateau out after that. While maximum amounts can 
be obtained after 15 hours, in most cases, 15 hours is enough 
time to collect sizable amounts of proanthocyanidins from 
grape seeds [28, 29]. 

3.3. Separation with Other Solvents and Techniques 

 Solvents other than ethyl acetate can be used to extract 
proanthocyanidins from plant materials that contain these 
compounds. While ethyl acetate is ideal to use in this type of 
extraction-characterization work, in reality, various other 
solvents that vary in polarity are available to use in liq-
uid/liquid extraction of proanthocyanidins. This is particular-
ly true in extracting proanthocyanidins for functional food 
and nutraceutical uses where ethyl acetate/water system or 
methanol/water system may not be as appropriate as etha-
nol/water extraction system or subcritical water system. 
There are not many documented studies in English language 
to be found on this topic, however, several reports have ap-
peared in various journals of different languages [23, 24, 33]. 
Countercurrent chromatography and solid phase extraction 
can also be used with abovementioned solvents to improve 
yield and efficiency. All liquid/liquid extraction techniques 
can be further assisted with microwave, ultrasound, and 
thermo-mechanical (including extrusion) and enzymatic pre-
treatment of grape seeds prior to extraction [21-24]. Concen-
tration of phenolic rich grape seed extracts can be made by 
vacuum evaporation and ultrafiltration/nanofiltration [34]. 
Nawaz et al. [35] described a solvent extraction method us-
ing 50% ethanol and 50% water as solvent to extract poly-
phenols from grape seeds. Ultrafiltration membrane system 
with average pore size of 0.22μm was utilized to concentrate 
extracts. Since the process does not involve any toxic sol-
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vent, this approach can be adopted for the use in the food 
and nutritional supplement industries. For analytical purpos-
es that require purified compounds, purification can be 
achieved through preparative chromatography. Based on the 
current literature search, it appears that ethyl acetate/water 
system is the standard for extraction of proanthocyanidins 
from grape seeds for analytical purposes. Other methods 
should not be considered nearly as widely used for extracting 
analytic quality of proanthocyanidins.  
 Other methods of liquid/liquid extraction include using 
methanol, acetone, ethanol, and water in various combina-
tions and different proportions. The number of combinations 
that can result from is huge. Therefore no comparisons can 
be made, due to the diversity of amounts used of each 
extractant, plant material used, analytical methods used af-
terwards for characterization, and amount of substances that 
are not proanthocyanidin extracted in addition to the desired 
product. Unlike the ethyl acetate and water liquid/liquid ex-
traction system, there is no data that gives any sort of cre-
dence that one extractant is better than another, except for 
Dumon’s paper in 1990 [31]. He found among the above 
liquid/liquid extraction systems, excluding ethyl acetate, 
acetone/water produces a better desired result of extraction 
of proanthocyanidins than the other liquid/ liquid systems 
[31]. This section will therefore not try to establish a stand-
ard of extraction of proanthocyanidins. Rather it is just for 
overview of what else may be used to extract 
proanthocyanidins from various plant materials, not limited 
to grape seeds. 
 Methanol can be used as an extract agent for 
proanthocyanidins. It appears to be used in conjunction with 
the method of fractionation to recover proanthocyanidins 
from various plant materials. This method is also usually 
used with high-performance liquid chromatography (HPLC). 
Methanol can be used as the only extracting agent or in con-
junction with other agents. Most often than not, it was used 
either alone or with water in the extraction systems [36-40]. 
There does not appear to be an established standard amount 
of water used with methanol as in the case with ethyl alco-
hol; nor does there appear to be an established standard time 
that is associated with this method.  
 Methanol can also be used in conjunction with other 
extractants which are not ethanol, acetate, or water in differ-
ent methods of proanthocyanidin separation. One paper sug-
gests that methanol and chloroform may be used in conjunc-
tion with glass power to extract the polyphenolic compounds 
based on their degree of polymerization [41]. Other papers 
suggest a different method that uses methanol and chloro-
form to complete a series of successive precipitations with-
out the need for glass powder. This method chooses to use 
glass filters only instead [30, 42].  
 Acetone can also be considered a common extractant 
[43]. Considered the best versus methanol and ethanol when 
combined with water [31], this extractant is commonly used 
when it is used in series with another extractant. Typically, 
that extractant is methanol, ethanol, ethyl acetate, or water in 
some combinations [30, 44-46].  

4. CHARACTERIZATION OF PROANTHOCYNIDINS 

4.1. Overview of Advanced Analytical Techniques 

 The identification and characterization of 
proanthocyanidins can be accomplished through a number of 
methods. The nature of a scientific study usually dictates 
which method is going to be used: whether the experiment is 
used to identify a new compound, develop a new method to 
replace a current standard, or simply to show that the health-
ful polyphenolic compounds were indeed extracted from the 
method used.  
 The five most common advanced analytical techniques 
used for proanthocyanidin characterization are: high perfor-
mance liquid chromatography (HPLC), both carbon and hy-
drogen nuclear magnetic resonance (NMR), mass spectros-
copy (MS), infrared spectroscopy (IR), and gas chromatog-
raphy (GC). Of these methods, HPLC is the most widely and 
commonly used to identify the presence of proanthocyanidin 
compounds within extracted samples using ultra-violet (UV) 
detection. The rapidity of the experiment and the ease of 
identification of compound amount eluted probably is a key 
factor in the polarity of this method. NMR, MS, and IR are 
also common methods to demonstrate the presence of 
proanthocyanidins. However, the usefulness of these tech-
niques lies in their ability to characterize new structures and 
higher molecular weight proanthocyanidins. So while HPLC 
is used mainly for identifying presence and amount of 
proanthocyanidins, the other techniques are mainly used for 
identifying the actual molecules. Again, this section will 
focus on, but not be limited to, the proanthocyanidins found 
in grape seeds. It is the belief of the authors that limiting this 
section to only proanthocyanidins from grape seeds would 
not be able to gather a full view of all methods/techniques 
used to characterize this healthful polyphenolic compound. 

4.2. High Performance Liquid Chromatography 

 HPLC is based on the idea of non-covalent interactions 
between compounds. A column is used as a stationary phase 
in which a solvent, also referred to as the mobile phase, is 
continuously applied to the column itself. The sample, in this 
case the liquid that contains proanthocyanidin compounds, 
would be injected into the column with the mobile phase at a 
given time. The sample will interact with both the mobile 
and stationary phases through non-covalent interactions 
based on the compound that is present. Presumably, the 
compound that has more ionic attribute will react more 
strongly than a compound that has no ionic attribute at all. 
The interaction of the compound with the phases is the basis 
for the eluting of the compound from the column. The more 
ionic the compound, the longer it will take to elute due to the 
increased retention time of the compound. A detector can be 
attached at the end of the column to allow for the identifica-
tion of different compound groups and amounts based on 
this mobile phase/compound interaction. Often this detector 
is an MS or a UV detector set at a wavelength of 280 nm. 
 The problem with this method of compound identifica-
tion is the lack of ability to correlate data between various 
experiments. The establishment of the effectiveness and the 
degree of accuracy of this method of proanthocyanidin iden-
tification is well known for both reverse phase and normal 
phase HPLC for grape seeds, grapes, and other 
proanthocyanidin containing materials [30, 36, 47-49]. How-
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ever, there does not appear to be a standard mobile phase or 
stationary phase used with this method of component identi-
fication/characterization. Without a standard mobile and 
stationary phase, data cannot be correlated between various 
experiments due to the varying retention times of the com-
pounds themselves with the phases.  
 What appears to have become the norm in this method is 
to simply rely on a previous experimenter’s decision of mo-
bile and stationary phases for the development of a current 
HPLC. The results of the experiment are then compared to 
commercial standards of the known compounds which are 
run through the same column using the same method as the 
unknown compounds to be identified. 
 Saucier’s experiment [30] adapts its method of normal 
HPLC analysis from Matthews et al. 1997 [50]. Using a flow 
rate of 1 mL/min, the column was kept at a temperature of 
30oC with an injection volume of 20 µL and a UV detector at 
wavelength of 280nm. Solvent A was water with 5% acetic 
acid. Solvent B was MeOH with 5% acetic acid. The gradi-
ent was as follows: 30% to 100% solvent B in 35 minutes, 
100% solvent B during 5 minutes, and finally 100% to 30% 
solvent B in 5 minutes. The injected material had previously 
undergone thiolysis and extraction from the grape seeds via 
acetone and ethyl acetate. 
 Pekia’s 1998 [28] study based their study’s reverse phase 
HPLC analysis off of a paper written in 1995. The 
proanthocyanidins were isolated using methanol and vanillin 
reagent. Using 10% acetic acid as solvent A and water as 
solvent B, these solvents used a standard linear gradient, as 
demonstrated in their paper, at 32oC. A variable wavelength 
detector of UV light set at 280nm again was used as a detec-
tor in this HPLC experiment. Flow rate was not given [28, 
51]. 
 Porter isolated cranberry proanthocyanidins via a current-
ly non-established method of HPLC gradient. Using a six 
fraction gradient as the mobile phase; water (fraction 1), wa-
ter/ethanol (1:1) (fraction 2), ethanol (fraction 3), ethanol/ 
methanol (1:1) (fraction 4), methanol (fraction 5), and aque-
ous acetone (fraction 6); proanthocyanidins were eluted 
through the column at a rate of 1 mL/min. The stationary 
phase was 70g of Sephadex LH-20 hand packed into the col-
umn. The peaks were monitored at 280, 320, 360, and 
520nm through a diode array collector demonstrated that 
proanthocyanidins were collected in fractions 4-6 with peaks 
at 280nm [52]. 
 As it can be seen through the last three examples, the 
conditions for each experiment were different. Standardi-
zation between the resultant values is not possible with this 
diversity of solvent used on the varying columns. What is 
consistent though is the ability to detect proanthocyanidins 
by UV detectors at 280nm. Though HPLC is the most com-
mon method of characterizing proanthocyanidin content 
within a material when used with another method of identifi-
cation, such as MS or UV detectors, HPLC alone is not ca-
pable of proanthocyanidin characterization.  

4.3. Mass Spectroscopy, NMR & Near Infrared Spectros-
copy 

 Most other advanced analytical techniques are solely 
used as a means of compound identification and not as a 
method of isolation or quantification. These methods are 
commonly used when the investigator is trying to determine 
molecular structures of specific healthful compounds within 
a given product, e.g. grape seeds, cranberries, or any other 
proanthocyanidin containing compound. The identification 
of new proanthocyanidins is also achieved via these more 
compound specific techniques. 
 Mass spectroscopy used mainly for composition determi-
nation. This method can be explained by examining the ex-
periments performed by Kendil et al. [53]. The cranberry 
fruit contains multiple polyphenolics within a group that 
inhibits ornithine decarboxylase activity, induced via a spe-
cific pathway. Using mass spectroscopy techniques, coupled 
with other identification methods, the proanthocyanidins 
responsible for this were identified and can be further stud-
ied to help understand this mechanism [53]. 
 Both hydrogen and carbon NMR are also used for identi-
fication purposes. Several papers demonstrated the use of 
this advanced analytical technique for specific compound 
identification within a group of molecules. Stevens et al. and 
Giess et al. both use this method to determine chemical 
structures within a group of proanthocyanidins. Both use a 
combination of advanced techniques to achieve this end [53-
55]. While Cui et al. uses a slightly different method of 2D 
NMR to determine molecular structure of the unknown com-
pounds [56]. It is impossible to use any version of NMR 
without some sort of prior isolation technique of the com-
pound one is trying to identify. 
 Near infrared spectroscopy (NIRS) is a rapid nondestruc-
tive method that is capable of detecting and measuring a 
complex number of general and specific components in both 
solid and liquid samples, including dissolved solids, acid 
concentrations, density, pH, microbial contamination, and 
percent content of oil, carbohydrate, protein, and moisture. 
NIRS is also capable of accurately determining the concen-
trations of specific chemical components. The advent of rap-
id computer programs that utilize complex mathematical 
calculations, including Fourier transformation, has allowed 
for the computation of relationships between variation of 
multiple parameters and corresponding NIR spectra. In addi-
tion, the long path lengths in NIRS allow for sampling 
through glass and plastic, making NIRS an even more effi-
cient measuring process. When coordinated with proven 
chemical and physical analytical methods, the analytical re-
sults can be translated into reliable NIR spectrometric cali-
brations. This can potentially measure various phytochemi-
cal components in small amounts of plant tissues. Ferrer-
Gallego et al. [57] explored the potential of NIRS in deter-
mining contents of flavanols based on the recorded infrared 
spectra of grape seed compounds. Their interest in the study 
was mainly to find a way of distinguishing different grape 
varietals from different regions by comparing the flavanols 
contents of samples. This is useful in finding counterfeits 
and mislabeling of wine and grape products. How much this 
technique can be used in characterizing proanthocyanidins in 
grape seeds is an open question since compounds of 
proanthocyanidins are so diverse and very difficult to be 
purified and concentrated to be use as standards for NIRS 
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calibration, a necessary step to use NIRS to determine 
proanthocyanidins in grape seeds. 

5. CONCLUSIONS  

 Proanthocyanidins are a class of biologically active fla-
vonoids found throughout the plant kingdom, and are one of 
the most potent antioxidants in nature. Recent studies in an-
imals, as well as in some human studies, have shown that 
grape seed proanthocyanidin extracts possess a broad spec-
trum of biological, pharmacological and chemoprotective 
properties against free radicals and oxidative stress. Some 
grape seed extracts have been reported to promote collagen 
formation, enhance cardiovascular health, improve microcir-
culation, prevent many of the effects related to premature 
aging, inhibit growth and formation of certain types of can-
cer, and protect cells against drug, chemical and environmen-
tal pollutants toxicity.  
 The need to extract maximum amount of 
proanthocyandins from grape seeds for food and 
nutraceutical uses is the driving force of the current studies 
of proanthocyanidin extraction. Then search for economical-
ly and ecologically feasible extraction technologies contin-
ues unabated. There are several methods available for ex-
tracting proanthocyanidins from grape seeds using organic 
solvent and combination of water and polar solvents. Novel 
extraction and concentration methods continue to develop to 
reduce costs and improve quality of proanthocyanidins from 
grape seeds. Several grape seed extracts have been marketed 
in a number of countries. 
 Characterization of proanthocyandins using wet chemis-
try and instruments continues to evolve and more research is 
required to overcome the current technical barriers and im-
prove the accuracy of analysis. Collaborations among re-
searchers and analytical instrument manufacturers are duly 
needed. 
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