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ABSTRACT 
The subject of the present work is the study of the influence of particle size temperature, methanol 
content and time on the extraction of tannins from caesalpinia coriaria by pressure autoclaving method. 
The determination of these tannins by spectrophotometry, after extraction, enabled us to establish the 
qualitative and quantitative evolution of this component and the effect of each extraction conditions on 
the total tannins from caesalpinia coriaria. Under the extraction conditions examined, temperature was the 
main factor influencing tannin extraction. 
The extractable material is derived from a blend of raw materials with different particle characteristics. 
Preliminary studies indicated the advantage of employing small particle size for achieving high extraction 
efficiency. However, from pressure drop, grinding energy and product purification cost points of view, 
fine grinding is not favored. A particle size range of 5-15 mm is favored as tannin extraction. The results 
suggest that a decrease/degradation of these compounds is less noticeable at low temperature (40° C) on 
the other hand the effect of time and substrate concentration on the extraction and evolution of the 
analyzed compounds that is tannins seemed to be less important than temperature. 
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INTRODUCTION 
There, the aim of this study was to examine the variation in different particle size of Divi Divi pod tannin 
extracted from a caesalpinia species using pressure autoclaving, and to determine the relative influence of 
particle size, temperature, and time on their contents. 
Caesalpinia coriaria as a substrate for gallic acid production  
Caesalpinia coriaria (Jacq.) Willd. -- Caesalpiniaceae.   
Status of plant in nature: Cultivated ornamental.  
Flowering & fruiting period: September-November.  
Common name: The American Sumach.  
Economic importance: Ornamental & also used in tanning industries. 
The present study has been taken up with a view of exploring the possibilities of using Dividivi 
(Caesalpinia coriaria) as a substrate for tannin extraction. 

It is a small thorn less tree or shrub of tropical America and West Indies and introduced into India, 
more than a century ago, whose seed pods are a rich source of tannin.  It has been grown successfully in 
different parts of the country, particularly Madras state and Andhra Pradesh state, and is important as 
source of tanning materials. The pods of these species are used for the extraction of tannin and the tannin 
content is as high as 40 to 42 %. It prefers a well drained soil, becoming stiff in hard soils with high clay 
content, tolerating moderate to high temperatures. Flowers blossom between July and August and fruiting 
takes place between Octobers to December. The seeds are small and germination percentage is about 
30%. 
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Tannin or tannic acid is found in some quantity in most plants, with concentrations in the wood, 
bark, roots, leaves, fruits and galls. In Divi Divi the major concentration is in the pods. Estimates of the 
tannin content of Divi Divi pods run from 25 to 45 % up to 40 to 55 %, with a mean of about 35 to 47 %. 
These variations in content estimates represent differences in methods of analysis, and also actual 
differences of content that have been conditioned by climatic, edaphic and other environmental factors. In 
any case, Divi Divi provides a cheap source of material with comparatively high tannin content. 
Examples of other average yields are: Babul pods 20 to 42 %; American chestnut bark 13 to 31 %, 
Gambier leaves 5 to 8 %, Vilonia acorns 17 to 40 %, tan bark oak 10 to 29 %, sumac 10 to 29 % and 
myrobalans 12 to 40 %. 

Tannins are high molecular weight polyphenolic compounds that exist in a variety of plant 
species. Tannase (tannin acyl hydrolase, E C 3.1.1.20) is the enzyme responsible for the decomposition of 
hydrolysable tannins, especially gallotannins, to glucose and gallic acid1. 

Tannins belong to the phenolic class of secondary metabolites formed via Shikmic acid path way 
leading to the formation of other phenolics such as flavones, coumarin, lignins and aromatic amino acids.  

They have been reported to be the fourth abundant plant constituents after cellulose, hemi 
cellulose and lignin. Tannins are widely distributed in the plant kingdom. They are common both in 
Gymnosperms and Angiosperms. 

The plant materials are crushed or ground prior to extraction of tannins. Water is preferred as a 
solvent in view of its high saturation limit of the dissolved solids, inherent safety and ease of separation. 
However the water used for extraction (leaching) should be soft and should not contain iron. The 
extraction efficiency depends on process factors like solvent-solid ratio, temperature, leaching cycle, 
extractor type etc. 2 reported extraction of tannins from gall nuts from the Oak ( Quercus infectoria) was 
hydrolyzed by the tannase of a selected strain of A.niger. 

The tannins are broadly classified into two groups based on the complexity of their chemical 
structures. (i) Hydrolysable Tannins and (ii) Condensed Tannins. The hydrolysable tannins are usually 
compounds containing a central core of glucose or other polyhydric alcohol esterifies with gallic acid 
(gallotannins) or hexahydroxydiphemic acid (ellagitannins), depending on the nature of phenolic moiety 
liberated upon hydrolysis3. These hydrolysable tannins give blue-black color with aqueous solutions of 
iron salts. 
 
MATERIALS AND METHOD 
Samples 
The samples used in this study were Divi Divi pods (caesalpinia coriaria) were collected from coastal 
areas with in A.P. especially from Visakhapatnam with is located nearer to A.U. Campus. 
Raw Material Characterization  
The percentage of tannins present in raw stock varies from 10 - 40% depending on the type of material 
chosen. A proper blend of the raw materials is essential to maintain a high percentage of tannin in the 
extract. The physical characterization of the raw materials in the fixed bed extractor in terms of bulk 
density, void age, porosity, surface area etc., is essential. Appropriate measurement technique has been 
employed for the purpose. Tannins are used in a broad range of fields’ e.g.-processing of leather, food 
processing etc. Tannins are used in preservation treatments of wood. They can fix biocides because of 
their excellent chelating properties. Tannins are also used as adhesives in the wood panel industry4.  
Determination of moisture content 
Moisture content of the sample was determined by the direct oven method of association of official 
Agricultural chemist (AOAC, 1960). 
 One gram of the Divi Divi pods were taken in a porcelain crucible and kept in an electric oven at 
90°C for about 4 – 5 hours (until constant weight), cooled in desiccators and weighed. From the loss in 
the weight of the sample, moisture content was determined. 

100  
 weightTotal

in weight loss  (W/W)content  moisture % ´=  
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Extraction of Tannins 
The Divi Divi pods were dried and milled using ball mill to get the particle size below 0.5 mm. Water is 
preferred as solvent in view of its high saturation limit of the dissolved solids, inherent safety and ease of 
separation. Tannins are extracted by using pressure autoclaving method.  
Divi - Divi pods belongs to  
Botanical source           :     Cesalpinia coriaria 
Family                          :     Leguminosae 
Origin                           :      Aruba, curacao 
Size                               :    20-30 
Light requirements        :    Full to partial sun 
Water requirements       :   average 

The Divi Divi pods were collected from the Costal area of Andhra Pradesh, India. The pods were 
dried and milled to get the particle size below 5mm. Small particle size achieve high extraction 
efficiency. Water is preferred as solvent in view of its high saturation limit of the dissolved solids, 
inherent safety and ease of separation. However the water used for extraction (leaching) should be soft 
and should not contain iron. The extraction efficiency depends on process factors like temperature, time 
and pressure. The material is extracted under pressure on autoclaving process at 10 PSI for 30 min and 
obtained extract was evaporated with vacuum filter and the obtained powder form was used for the entire 
experimentation. This process generally yields more extract than ordinary open vat extraction. It is 
generally accepted; that pressure extraction yields a higher amount of “extract” than is obtained by the 
open leach method, but the product is darker in color and contains a higher proportion of non-tannin 
substances. 
1. Effect of particle size  
The effect of particle size of the pods powder which is used as a tannin source was studied by varying the 
particle size between -50 and -300 British standard sieves. Preliminary studies indicated the advantage of 
employing small particle size for achieving high extraction efficiency. The optimum particle size is found 
to be 0.5 mm. However, from pressure drop, grinding energy and product purification cost points of view, 
fine grinding is not favored. 
2. Temperature 
The temperature of extraction is so chosen that a best balance of solubility, selectivity, solvent vapor 
pressure, solute diffusivity and color sensitivity of the product is achieved. In the case study presented in 
this work, high temperature of extraction is found to promote hydrolysis and unwanted extraction of 
hemicelluloses and formation of gums and pectin substances from the cellulose material containing the 
tannin. These breakdown products lead to a high level of non - tannins thereby importing high viscosity to 
the extract and resulting in a product with low Tannin/Non Tannin (T/NT) ratio.  
Prolonged extraction at higher temperature leads to darker coloration to the extract making it less 
attractive. Keeping these aspects in view, the optimum temperature of 80°C – 90°C for extraction is 
selected. 
3. Effect of time on tannins extraction  
The effect of time to achieve maximum degree of tannin extraction was studied by varying the time 
period between 15 min to 40 min and it was found that the optimum time period for maximum tannin 
extraction is 30 minutes.  
Tannin analysis 
The identification of tannins was made by thin layer chromatography (TLC). The analyses were run with 
standard compounds, catequin and tannic acid, using aluminum cromatofoils. Plates were developed 
using ethyl acetate: acetic acid (20: 4) as the mobile phase. After drying, tannic acid was viewing using 
Fecl35. The quantification of tannins was made by spectrophotometry. Standard solutions were formulated 
by Folin Denis reagent and the calibration curve was developed at 560 nm6. 
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RESULTS AND DISCUSSION 
Raw material studies: Divi Divi pods are collected carefully, every day, after they drop from the tree 
and dried before storage. The Moisture content was observed before and after dries of pods. The moisture 
content was determined by direct hot air oven method and was found to be 4 to 5%. 
TOTAL TANNIN ESTIMATION 
 An experimental survey was conducted to determine optimal operational conditions for extracting 
tanning materials from Divi Divi pods with a 5% (w/v) water-immiscible solvent. The percentage of 
extracted tanning materials from samples was measured by varying the following factors: (1) particle size, 
(2) temperature and (3) extracting time.  
1. Effect of particle size on tannin extraction 
Preliminary studies were conducted to determine the effect of particle size on pod tannin extraction for 
achieving high extraction efficiency. The Ball mill was subjected to sieving through a set of sieves to 
obtain particles of different mesh sizes. The samples were labeled based on the sieve number, through 
which they pass, i.e., 5 mm, 2 mm, 1 mm, 0.5 mm, and 0.1mm as per British standard sieves. The final 
tannin concentrations were tabulated in Table.1 and plotted in Fig. 4. It is a known fact that as the particle 
size decreases, more surface area will be available for tannin extraction and increase in tannin extraction 
was obtained. The increase is steady till the reduction of particle size up to 0.5 mm mesh size and with 
further decrease in particle size, tannin extraction was reduced. The produced tannin content was 0.588 
mg/ml at 0.5 mm particle size. 

However, from grinding energy and product purification cost points of view, fine grinding is not 
favored. Hence a particle size of 0.5 mm is chosen for further studies. 
2. Effect of Temperature and time on tannin extraction 
The effect of temperature on tannin extraction was studied. The optimum temperature selected for the 
study is 75°C to 100°C at 10Lb/15 min. The tannin extraction was monitored at every 30 minutes. The 
results are tabulated in Table .1 and also shown in Fig .5. It is observed that 90 °C was optimum 
temperature for the tannin extraction, similar results were obtained by7 .The produced tannin content was 
0.748 mg/ml. Hence tannin extraction at 90°C temperature and 30 min time was selected for further 
studies. The optimal values obtained for maximum tannin extraction are 0.5 mm particle size, 90°C 
temperature and 30 min average time for tannin extraction. The maximum yield of extracted tannin was 
31.4% by weight (dry basis) when Divi Divi pods up to 6 months old were used, but the tannin content in 
pods decreased by 15% and 28% after 12 and 42 months of storage respectively. 
 
CONCLUSIONS   
Results indicated the possibility on changing the pH, temperature and time process that resulted 
approximated 25% of tannins from Divi Divi pods. The solvent laboratory experiments with solvent 
apparatus were important in this study to demonstrate the poor tannin extraction with non-polar solvents. 
The complexity of natural tannins molecules demand experiment test to choose the solvent, therefore it 
was tried solvents with different polarity. 
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Table.1. Effect of particle size, temperature and time on tannin extraction 

S.No.  Particle Size Divi% Tannin    
 mg/ml 

1  5 mm   0.454 

2  2 mm 0.460 

3  1 mm 0.468 

4  0.5 mm 0.588 

5  0.1 mm 0.297 

6  Fine 0.140 

S.No. Temperature Tannin mg/ml 
1 75°C 0.417 

2 80°C 0.476 

3 85°C 0.496 

4 90°C 0.748 

5 95°C 0.506 

6 100°C 0.326 

S.No. Time in Minutes Tannin mg/ml 
1 15  0.489 
2 20 0.509 
3 25 0.566 
4 30 0.786 
5 35 0.329 
6 40 0.172 
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Fig.1. Divi Divi twisted seed Pods 

 

   
 

Fig. 2.  Extraction of Divi Divi pod tannins 

 
 
 

Fig .3. Process Block Diagram for Tannin Extracts 
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Fig.5. Effect of time on tannin extraction 
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Fig .4. Effect of particle size on tannin extraction 


