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Abbreviations: CT, condensed tannins; LT, lyophilized 
tannins; TGA, thermo gravimetric analysis; RTLG, resin-tannin-lyo-
filise-glyoxal; RTCG, resin-tannin condensed-glyoxal 

Introduction
Tannins are water-soluble polyphenolic compound, recalcitrant to 

biodegradation and with wide prevalence in plants. These compounds 
play important roles due to their resistant agents to microbial 
decomposition. In fact, it can be explain by the ability of these 
molecules to be inhibiting microbial growth by binding strongly to 
proteins and polysaccharides resembling cellulose and pectin.

From a chemical point of view, it is difficult to define tannins since 
the term encompasses some very diverse oligomers and polymers.1,2 
It might be believed that the tannins are a heterogeneous group of 
high molecular weight of phenolic compound. Moreover, their 
capacity to form reversible and irreversible complexes with proteins, 
polysaccharides (cellulose, hemicellulose, pectin, etc.), alkaloids, 
nucleic acids and minerals.3,2 

According to Pizzi research’s,4 the term “tannin” has been 
frequently adopted to define two different groups of chemical 
compounds of phenolic nature namely: hydrolysable tannins and 
condensed tannins. Hydrolysable tannins can be considered polyesters 
derived from glucose. These can be classified into two categories 
specifically (i) gallotannins, which release gallic acid and its 
derivatives when submitted to acid hydrolysis; and (ii) ellagitannins, 
which upon hydrolysis release ellagic acid and valonic acid-ellagic 
acid being the most significant.5

(Figure 1) (Figure 2) illustrated an example of condensed tannins 
which consist of flavonoid units and more known as flavan-3-
ols (catechins) and flavan-3,4-diols (leucoantocyanidins).4,2 The 
condensed tannins are most commonly presented as polymers, with an 
average degree of condensation ranging from 4 to 12 flavonoid units.

In recent years, tannins production has become a very important 

issue because of their increasing commercial interest in the field 
of pharmaceutical and food industries. In particular, tannins can 
be contribute to the therapeutic effects of some herbal medicines ; 
beverages rich in tannins have positive cardiovascular effects and, 
like some other smaller phenolic compounds, tannins may serve as 
dietary antioxidants.6,7

Figure 1 The chemical structure of condensed tannins.

Figure 2 Structures of (+) catechin and (-) epicatechin found in grape pomace.

Tannins have already been used commercially for 30years.8‒11 
Condensed tannins are generally extracted from the bark of various 
trees.12,13 Elsewhere, grape is one of the world’s largest fruit crops 
and this production generates a substantial volume of solid organic 
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Abstract

The main focus of this study was to prepare a thermoset adhesive using green way 
from two bio-product derivatives i.e., namely: condensed tannin (CT) and lyophilized 
tannin (LT) from grape pomace, which acquired from wine industries. Firstly, the 
obtained tannins were isolated and characterized especially by their thermal properties 
of the isolated tannin fractions which have been investigated in detail. Then, two 
adhesive resins were prepared using the isolated tannins with the glyoxal as cross-
linking agents were employed to produce tannin-glyoxal resin. The evolution of the 
viscosity during the curing process of Resin-Tannin-Lyophilize-Glyoxal (RTLG) and 
Resin-Tannin-Condensed-Glyoxal (RTCG) was studied. The influence of the main 
gelation conditions such as temperature, pH and curing agent type on the gelation time 
was studied and discussed.
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by-products. Only small amounts of these by products are up-graded 
or recycled; the pomace is used for animal feed or compost, without 
any pre-treatment. The remaining solid residues retain high levels of 
condensed tannins because of low extraction during winemaking. A 
few preliminary experiments concerning tannin extraction from grape 
pomace have been recently reported in previous communications.14,15

The aim of this study was to propose an economically and 
environmentally valuable utilization of grape pomace, wine industry 
by-products. Thus, extraction of tannins from this abundant resource 
was investigated using a process without any organic solvent or 
reagent. On the other hand, we successfully used tannins and glyoxal 
as inexpensive raw materials for preparing phenolic resin.

Materials and methods
Grape residues 

Grape pomace was obtained by winemaker in Northern Tunisia, 
en 2014. They were a mixture of several grape varieties namely: 
Carignan and Alicante Bouchet of Vitis vinifera L. The mixture of 
stalks, seeds and skins was taken to the laboratory and dried at room 
temperature (25±2˚C). Subsequently the dried material was ground 
and a fine powder was prepared. 

Tannins extraction 

Grape pomace was treated with an aqueous solution of hydroxide 
sodium (NaOH) 5% (w/w), with a solid-to-liquid ratio of 1:10. The 
extraction of tannins was carried out by heating at 10˚C during 
120min in closed flasks using an Ahiba machine (laboratory machine: 
Ahiba Datacolor International, USA). After heating step, the pomace 
was then cooled, washed and filtered through filter paper. In order to 
isolate the tannin (Figure 3): two different processes were established 
after the extraction step namely: 

a. Path 1: addition of dilute HCl to adjust the pH of the liquid phase 
reach 1.5 to precipitate the tannins which are collected by centri-
fugation at 8,000rpm for 15min and then air-dried;

b. Path 2: During this process, a lyophilization method of the liquid 
phase to yield a crude residue was investigated. 

All the chemicals were purchased from Sigma-Aldrich and were 
used without further purification.

Resin synthesis

During this work, two resins were condensed in a 6dm3 glass 
reactor equipped with a stirrer, a condenser, and external cooling with 
internal heating units. The Modified resins as represented in Table 1 
were synthesized according to the preparation method reported by 
Mansouri et al.16 and Ammar et al.17 The curing fraction was 50% 
of the amounts of Tannin, which is two grams for all samples. In the 
meantime, 1.5g of sodium hydroxide (on dry basis) was added very 
progressively in the form of 30wt% aqueous solution and mixed for 
45min. After that, the mixture was heated at 97˚C under mechanical 
stirring, for 2h. Then, the solution was cooled to room temperature. As 
recommended by the various standards used, all the experiments were 
duplicated and the differences between the two values were within an 
experimental error of 5%.

Gel point measurements

The gel formation was studied by means of rheological 

measurements performed in an MCR 301 rheometer (Germany) with 
parallel plates of 25mm diameter and samples of approximately 5mm 
diameter with 1mm thickness. The gelation point was determined by 
the divergence of viscosity, measured under a shear rate of 1s−1. Then, 
the sample was cooled (T=4˚C) and submitted again to a dynamic 
scan at a heating rate of 10˚Cmin−1, using DSC.18‒20 The test was 
repeated at least three times.

Figure 3 Schematic representation of the different Tannins prepared from 
grape pomace.

Thermo gravimetric analysis (TGA)

The thermal properties of obtained resins were performed using 
the thermo gravimetric analysis (TGA, Perkin-Elmer Pyris 1 TGA-
7, USA). The test was done by introducing 10mg of cured RTLG or 
RTCG into a platinum sample pan and heated from 30 to 900˚C at a 
heating rate of 10˚C.min−1 under a nitrogen atmosphere with a constant 
flow rate of 20mL.min−1. The analysis was repeated in duplicate.

UV-visible spectra

The UV spectra of the various tannins were recorded on an 
ultraviolet/visible spectrophotometer (Shimadzu double-beam 
spectrophotometer UV 1800). The different fraction lignin sample 
(5mg) was dissolved in 95% (v/v) dioxane aqueous solution (10mL). 
About 1 mL aliquot was diluted to 10mL with 50%(v/v) dioxane 
aqueous solution and the absorbance between 250 and 400nm was 
recorded and measured. The measurement test was done at least five 
times. 

FTIR spectra

The FTIR spectra were performed using a Bio-Rad 
spectrophotometer with a resolution of 4 cm-1 and scanning a wave 
length range from 500 to 4000cm-1. KBr-based solid pellets made of 
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a suspension of 1 mg of the material under investigation and 100 mg 
of anhydrous KBr. 

BET measurement

BET (Brunauer-Emmett-Teller) surface analysis was performed 
on a TRISTAR II 3020 surface analyzer using the multipoint method. 
Tannin (5g) were degassed at 120˚C for 12hr and nitrogen adsorption-
desorption isotherms determined at 77K. Total pore volume was 
evaluated from the amount of nitrogen adsorbed at P/P0=0.99 (P is 
applied pressure, P0 is system initial pressure).

Results and discussion
Isolation of Tannin

As illustrated in the Figure 3, the tannins were extracted from 
grape pomace in basic medium using two ways according to Figure 3. 
Two different processes were used for tannins recovery:

a. Path 1: addition of dilute HCl to precipitate the tannins, which are 
collected by centrifugation and then air-dried.

b. Path 2: lyophilization of the liquid phase to yield a crude residue.

UV- Visible: UV-visible light absorption measurements have been 
used to semi-quantitatively assess the purity of tannin samples. The 
intensity of the absorbance is related to the level of tannin concen-
tration and is proportional to the purity level of tannin. Therefore, a 
lower absorbance indicates the presence of non-tannin material such 
as carbohydrates. Figure 4 presents the UV spectra of CT and LT, the 
maximum absorbance for the two tannin samples occurred at 282nm, 
which originated from the phenolic groups in the tannin. Interestin-
gly, as shown in the spectra, the highest absorbance values occurred 
in the CT samples, suggesting that these were the most pure tannin 
preparations. LT samples likely contained higher amounts of bound 
carbohydrate and were less pure.

Figure 4 UV spectra of CT and LT.

FTIR Spectra: The FT-IR spectra of lyophilized tannins (LT) and 
condensed tannins (CT) were given in Figure 5. The band at 3318cm-1 
was assigned to hydroxyl both contribute to phenolic and sugar con-
tent. The bands at 2973cm-1 were due to C-H stretching vibration as-
signed to methyl and methylene groups. A weak signal at 1878cm-1 is 
assigned to carbonyl groups. The presence of carbonyl groups could 
be rationalized by the catechinic acid rearrangement occuring during 
the extraction process. The formation of catechinic acid is to be mini-

mized because it should decrease the reactivity of the extract toward 
cross-linking agent. The bands at 1308cm-1, 1264cm-1 and 1212cm-1 

were assigned to saturated C-C stretching attribute to CR2-CHR-CR 
structure caused by the opening of the pyran ring during acidification 
of flavonoid tannins.17 This reaction has a positive effect because it 
increases the solubility of tannins and reduces the viscosity of the ex-
tracts allowing the use of adhesive solutions of higher resin content. 
The condensed tannins displayed a different pattern: (i) No obviously 
band among 1308-1212cm-1 was detected assigned to saturated C-C 
stretching attribute to CR2-CHR-CR structure caused by the opening 
of the pyran ring in the spectra. (ii) An intense signal at about 1878cm-

1 assigned to carbonyl groups indicates higher catechnic acid content 
in condensed tannins, the bands assigned to aromatic ring vibration 
(1600-1400cm-1) are quite stronger than lyophilized tannin extract. 
These results are in accordance with the catechinic acid rearrangement 
occurred during the acidification step.

Figure 5 FTIR spectra of condensed tannins (CT) and Lyophilized tannins 
(LT).

Thermo gravimetric analysis (TGA): Thermo gravimetric analysis 
(TGA) was applied to determine the thermal stability and degradation 
of tannin. The TGA curve presents the weight loss percentage of the 
tannin extracts and the DTG cure is the differential curve, presents 
the mass lost rate. The thermal properties of the CT and LT fractions 
were studied used TGA. The results are showed in Figure 6. The wei-
ght lost is mainly composed by two steps. The mass lost of first step 
is attributed to the mass lost of water and some easy-degraded small 
low molecular materials such as simple sugars, organic acid, phenol 
and pigment. The secondly steps which is the mainly degradation step 
of tannin samples from 200 to 400˚C. The mass lost is nearly 33%. 
It is attributed to the mass lost of polyphenol materials in the tannin 
extracts. It appears that an obvious difference occured in the first step 
(room temperature to 200˚C): concerning CT, the mass lost nearly 9%, 
mainly occurred by the evaporated of water content. It never appears 
apparent mass lost rate point compared to lyophilized tannins. This 
phenomenon can be attributed to the lower non-tannin fraction (such 
as low molecule sugars) in CT. This result is in agreement with UV 
spectra. We also observed that the CT mass loss temperature is higher 
than LT, this observation can be rationalized by a higher degree of 
polymerization of CT compared to LT.

Specific surface areas: Table 2 also summarizes specific surface 
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areas, pore volumes and pore diameters of the two tannin obtained by 
the BET method. The average pore diameters as determined by BJH 
method were 10.4 and 3.8nm for lyophilized and condensed tannin, 
respectively. The BET surface area and calculated total pore volume 
of LT were almost 10 times greater than that of CT suggesting that LT 
should provide more sites for sorption.

Figure 6 TGA (a) and DTG (b) curves of CT and LT.

Synthesis and characterization of LRGR and LRFR

Two modified resins; Resin-Tannin-Lyofilise-Glyoxal (RTLG) 
and Resin-Tannin Condensed-Glyoxal (RTCG) were synthesized. 
The gelation was studied by means of rheological measurements 
performed in an MCR 301 rheometer. The evolution of the viscosity 
with a shear rate of 1s-1 during the curing process of RTCG and RTLG 
is shown in Figure 7. It is observed that although the time taken by 
the resin to reach the gel point varies with type of tannin, lyophilized 
tannin is more reactive than condensed tannin it has lower gelation 
time. In the case of condensed tannins (path 2), because of the low 
solubility in water of the fractions and the low reactivity of these 
tannins toward glyoxal, it was not possible to establish gel times. 
This behaviour could be both explained by the well know catechinic 

acid rearrangement (Figure 8)20 and rearrangement of flavonoid to 
phlobatannins which would occur during the acidification step.21 

Compared to acidified tannins, the higher reactivity of the 
lyophilized extract is probably due to the low catechinic acid content.22

Figure 7 Evolution of viscosity during the curing process of RTLG and RTCG 
at cure temperature of 25˚C.

Effect of temperature on gelation time 

The effect of temperature on the gelation time for polymer gel was 
studied since the 1980s, and yet, the temperature problem still attracts 
researchers.23 The temperature is in equilibrium with its activated state 
for a gelation reaction in Equation (1). It is known that the gelant 
solution will degrade at the above critical temperature.

0gel

E
T

x S

∆
=

∆                                                                                
(1)

Where Tgel is critical gelation temperature, ΔE corresponds to the 
difference between the energies of activation for reactions carried out 
at two different initial solution concentrations, ΔS° is the standard state 
entropy difference between the products and reactants for a chemical 
reaction, and x is the power of the initial concentration.

The gelation reaction is strongly dependant on temperature. Figure 
9 shows the effect of temperature on gelation time. As the temperature 
increases, the gelation time decreases quickly. With Condensed tannin 
(RTCL) the gelant solution begins to form in about 40 minutes if the 
solution is kept at room temperature. It is about 10-12 min if measured 
at the temperature of 80˚C.

Generally, the cross-linking reaction occurs due to the presence of 
the Hydroxyl groups in the polymer structure. Hence, the degree of 
hydroxide groups (IOH) can control the reaction.

The degree of hydroxyl groups is higher in RTLG than RTCG 
(Table 1) which explain the higher reactivity of lyophilized tannin 
compared to condensed tannin. When the temperature increases, more 
aromatic ortho and para carbon groups become available. In other 
words, the higher temperature reduces gelation time.

Effect of pH on gelation time 

The pH of polymer solution influences the gelation time. There are 
only specific ranges of pH that perform well in the gelation rate. The 
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pH value also affects the degree of hydroxyl group. In this research, 
the gel solution was mixed and then acid HCl or alkali NaOH was 
added to modify the initial pH value before the gelation time was 
measured by using a viscometer.

Figure 10 shows that the gelation time is reduced when pH 
changes from 6 to 11 and the viscosity of polymer solution increases 

with increasing pH. Above 6 the lower pH solutions are the longest 
gelation time.24

The gelation time decreases slightly until obtaining the value 11. 
The best range of pH for the making of a gel solution is between 8 
and 11.

Figure 8 Mechanism of formation of catechinic acid.

Figure 9 Gelation time of RTLG and RTCG was measured at different 
temperatures.

Figure 10 The gelation time versus initial pH for RTCG and RTLG.

Table 1 Synthesis conditions in the preparation of Resin-Tannin-Lyophilize-
Glyoxal (RT-LG) and Resin-Tannin-Condensed-Glyoxal (RT-CG)

 pH IOH mmol/g % Glyoxal

RTLG 11.2 1.4 50

RTCG 9.1 0.8 50

Table 2 BET measurements of CT and LT

 BET surface area 
(10-2 cm2/g)

Pore diameter 
(nm)

Total pore 
volume (10-4 
cm3/g)

CT 3.2 3.8 0.7

LT 30.1 10.4 8.1

Effect of curing agent type on gelation time 

To study the effect of curing agent type, different solutions were 
mixed with the same concentration and ratio, only changing the curing 
agent type from glyoxal (RTLG) to formaldehyde (RTLF).

Figure 11 shows that the gelation of solutions, mixed with Glyoxal, 
has a longer gelation time than solutions mixed with formaldehyde. 
This means that formaldehyde is more reactive than glyoxal. It 
enhances the generation of prepolymers and helps the cross-linking 
reaction to occur faster. In the two cases when the temperature 
increase the gelation time decrease.25,26 

Thermal stability

For comparing the thermal properties of the RTLG and RTCG 
resin fractions, thermo gravimetric analysis (TGA) was applied to 
determine the thermal stability and degradation of the two resins. 
The TGA curve presents the weight loss percentage of the sample. As 
illustrated in the Figure 12, the TGA curves of the two resin fractions 
exhibited three stages during the pyrolysis process. At the first 
stage, the temperature below 200˚C, the weight loss was due to the 
volatilization of moisture present in the resin samples as well as some 
decomposition products with low molecular weight, such as carbon 
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dioxide, carbon monoxide, and methane. At the second stage, which 
involved a wide range of temperature from 200 to 500˚C, the main 
weight loss could be explained by the violent degradation of cured 
resin. At the third stage, when the temperature was beyond 500˚C, 
the weight loss was not very evident. At this stage, decomposition 
reactions often occurred in concurrence with condensation reactions 
of aromatic rings.27

The results demonstrated that the two resin fractions has the same 
thermal stability which indicate that the extraction process do not 
affect the thermal stability. According to Ammar et al.29 the thermal 
degradation of Lignin-Glyoxal resin occurs at 800°C, which indicate 
that tannin resin have a lower thermal stability compared to lignin 
resin.28,29

Figure 11 Effect of curing agent in the gelation time.

Figure 12 TGA Curves of RTCG and RTLG resin.

Conclusion 

The conclusions from the results of the experiments in this study 
are as follows:

A. The gelation time can be controlled by changing the pH solution 
and temperature.

B. Lyophilized tannin is more reactive than condensed tannin it has 
lower gelation time. The two tannins fractions have the same 
thermal stability. 

C. Adhesive reactivity of Tannin-formaldehyde was found to be be-
tter than Tannin-glyoxal resin: this reflects the copolymerization 
of tannin with formaldehyde resulting in better binding strength.

D. Furthermore, it can be said that the crosslinked tannin-glyoxal re-
sin systems presented show potential for the production of poly-
mers with high bio-base contents.
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