
 
 

 

 

Pectin and galacturonic 
acid from citrus wastes 

 

 
Amir Hossein Abbaszadeh 

 

 

 

 
 

This thesis comprises 30 ECTS credits and is a compulsory part in the Master of Science with a 

major in Industrial biotechnology Nr. 7/ 2008 



Pectin and galacturonic acid from citrus wastes 
 
Amir Hossein Abbaszadeh 

 

Master thesis 

 

Subject category  Biotechnology 

 

Series number  2008 

 

 

University of Borås  
School of Engineering  
SE-501 90 BORÅS  
Telephone: +46334354640 

 

Examiner:    Prof. Mohammad Taherzadeh 
 
Supervisor:    Prof. Mohammad Taherzadeh 
 
Client:    University of Borås. 
 
Date:     2009/01/09 
 
Keyword:    pectin, orange peel, extraction, analysis 

 

 

 

 

 

 

 

 1   



Acknowledgement: 
I would like to thank all people who have helped and inspired me during my thesis. 

I especially want to thank my supervisor, Prof. Mohamad Taherzadeh, for his 

guidance during my research and study at university of Borås. His perpetual energy 

and enthusiasm in research had motivated all his advisees, including me.  

All my lab buddies at the Laboratory made it a convivial place to work. In particular, I 

would like to thank Mr. Jonas handson and Dr. Dag Henriksson for their friendship 

and help in the laboratory and also thanks my best friend, M.Mikhak, who helped me 

in editing the thesis. 

My deepest gratitude goes to my family for their unflagging love and support 

throughout my life; this dissertation is simply impossible without them. Last but not 

least, thanks to God for my life through all tests in the past years.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2   



Abstract 
In this work an investigation to find new method of extraction of pectin from orange 

peel with shortening time of extraction is carried out. Pectin was extracted from dried 

orange peel at higher temperature by employing stainless steel reactors. In this 

investigation the effect of extraction conditions (temperature: 120, 150, 200°C; 

extraction time: 5, 15, 30 min) with sulphuric acid, on the yield and purity of citrus 

pectin was performed. Moreover, optimizing other methods of extraction and 

analyzing of pectin is tested. In addition, effect of adding special reagent such as 

Sodium polyphosphate to extract solvent examined. Furthermore, two different acids 

are used for extraction and the results are compared as described. Pectin is solubilized 

by HCl and H2SO4 at different concentrations, retention time and temperature. The 

effect of extraction conditions (pH: 1.5 to 2; temperature: 80 to 90°C; extraction time: 

1 to 3 hours) with sulphuric acid, on the yield and purity of citrus pectin was carried 

out.  The solubilized pectin is precipitated from the solution by using organic solvents 

such as 2-propanol and ethanol and then analysis was done with different methods 

such as carbozole and meta-hydroxy-diphenyl method. A same test was run for 

hydrochloric acid and comparison between them was done. 

 

Keywords: pectin, orange peel, extraction, analysis, new method. 
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GLOSSARY 

 

Degree of Amidation. Percentage of the C-6 carboxylate groups that are amide 

groups.  

Degree of Esterification. Amount of esterification along the polymer backbone. 

Degree of Methylation. 1. Moles of methanol present per 100 moles of 

galacturonic acid. 2. Percentage of the C-6 carboxylate groups that are esterified 

with methanol.  

High Methoxyl Pectin. Pectin containing > 50% (of total ester groups) amount of 

methyl esterification (> 50 DM) along its backbone.  

Low Methoxyl Pectin. Pectin containing < 50% (of total ester groups) amount of 

methyl esterification (< 50 DM) along its backbone.  

Protopectin. Water insoluble parent pectic substance, which upon hydrolysis, 

yields pectinic acids.  

Pectic Substance. Polyuronide composed mostly of anhydrogalacturonic acid 

residues.  

Pectinic Acids. Colloidal polygalacturonic acid with very low methyl ester content. 

Pectic Acids. Colloidal polygalacturonic acid devoid of methyl esterification. 

Pectates. Mg, Ca, Na, or other Pectic acid salts.  

Pectin. 1. A large, naturally occurring polymer contained within the middle lamella 

of plants. 2. Water soluble pectinic acid of varying methyl esterification- capable of 

forming gels under suitable conditions.  

Pectinates. Mg, Ca, Na, or other Pectin salts. 

SS: soluble solids
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Chapter 1: Introduction 

 
 

What is pectin? 

Pectin can be described as a natural component of all edible plant material. Pectin is 

available in the plant cell walls and in a layer between the cells named middle lamella. 

Pectin gives firmness to the plants and affect on growth and water storage. Pectin is a 

soluble dietary fiber. Pectin is a polymer of galacturonic acid and with that an acidic 

polysaccharide. Part of the acids is present as methyl ester. Pectin is a hydrocolloid 

and keeps a large amount of water and creates thickening and gelling properties (Fig 

1). 

  
Fig 1) pectin molecular 

 

History of pectin 

Pectin has a long history as a food additive. Pectin was first isolated and described 

in 1825 by Henri Braconnot1, though the action of pectin to make jams and 

marmalades was known long before. The colonists in New England made their own 

pectin, extracting it from apple peelings. In 1919 the Douglas Pectin Co. of Fairport, 

New York, took over steel / munitions plant in Cobourg, Ontario, and made it the first 
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Pectin plant in the British Empire to manufacture Pectin2. For the first 4 years, the 

Pectin was sold to commercial processors in Canada and the UK; it was put on the 

retail market for home consumers in 1923 under the brand name of Certo. At first 

pectin was sold as a liquid extract, but nowadays pectin is often used as dried powder 

that is easier to store and handle than a liquid. 

Sources of Pectin 

The usual, profitable sources of pectin have been citrus peel and apple pomace. 

Regularly, this is a waste material from other industries like apple pomace from a 

cider producer. Citrus peel has often been the preferred material for pectin 

manufacturing due to its high pectin content and good color properties. Generally, 

lemon and lime peels are the preferred sources of citrus pectin. The peel must be 

unlimed and it cannot be enzymatically treated. 
More recently other sources of pectin are beginning to find markets such as sugar beet 

pectin and sunflower pectin. Sugar beet pectin in particular is finding a niche market 

due to its unusual emulsification properties. The amount of pectin from these different 

sources varies considerably:  

• Apple pomace: 10-15% 

• Citrus peel: 25-35% 

• Sugar beet: 10-20% 

• Sunflower: 15-25% 

Pectin is present in all plants but the content and composition varies depending on 

the species, variety, maturity, plant part, tissue, and growing condition. Pectin 

comprises up to 35%3 of the cell wall of most terrestrial plants where alginates and 

carrageenans play a similar role for their marine counterparts. All green land plants 

contain pectin to a certain degree. Pectin content in dicotyledonous (flowering) plants 

far outweighs that contained in monocotyledonous (seed-bearing) plants and grasses 

(Table 1). 
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Table 1) Classes of pectin  
 

Dicots (%) Monocots (%) Components 
30 30 Cellulose 
35 5 Pectin 
5 30 Arabinoxylan 
25 4 Xyloglucan 
0 30 β-(1,3),(1,4)-Glucans 
5 1 Glycoprotiens 

 

Pectin is higher in legumes and citrus fruits than cereals. Apple, grapefruit, orange 

and apricot are known to have high levels of pectin. Generally, 60 - 70 percent of the 

dietary fiber in citrus fruits is pectin. Other sources of pectin include potato, peas, 

cabbage, and carrots etc  (4 Table 2). 
 

Table 2) pectin content in different pectin sources 

Pectin food source Pectin content 
(gram/ 100 gram edible weight) 

Cornflakes 2.5 
Carrot 0.8 
Peach 0.7 
Peas 0.6 
Apple 0.5 
Beans 0.4 
Potato 0.3 
 

Types of pectin 

Two main classes and several subclasses of pectin exist5. Pectin as extracted 

normally has more than 50% esterified acid units and is classified as "high methyl 

ester (HM) pectin". 

The percentage of ester group is called degree of esterification. High methyl ester 

pectins are classified in groups according to their gelling temperature as rapid set to 

slow set pectins. The remaining carboxyl groups exist as the free acid, ammonium, 

sodium, calcium, or other rarer salts. 

Modification of the extraction process or continued acid treatment will yield"low 

methyl ester LM pectin" with less than 50% methyl ester groups.  

Some pectin is treated during manufacture with ammonia to produce amidated 

pectins, which have particular advantages in some applications. 
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Amidated pectin6 is obtained from HM-Pectin when ammonia is used in the alkaline 

deesterification process. Within each of these main types, there are many detailed 

variations prepared for different uses.  

The structure of pectin molecules is the key to the properties of pectins, and their use 

in different application. 

Structure of pectin 

Pectin is basically a linear polysaccharide. Similar to many other plant 

polysaccharides, it is both polydisperse and polymolecular and its composition change 

with the source and the conditions used through isolation. In any sample of pectin, 

parameters such as the molecular weight or the content of special subunits will change 

from molecule to molecule. 

The primary constituent of the pectin polysaccharide is D-galacturonic acid, joined 

in chains by means of α - (1→4) glycoside linkages. In addition to D-galacturonic 

acid, rhamnose, arabinan, galactan, or arabinogalactan and some other sugars are 

present often in the pectin molecule 7. rhamnose units are inserted into the main 

uronide chain and joined to the reducing end of the uronide by (1→2) linkages and 

the no reducing end of the next uronide unit by (1-4) bonds. Arabinan, galactan and 

arabinogalactan are linked (1→4) to the rhamnose. 

The pectin molecule can be divided to tree major polysaccharide domain. 

Homogalacturonan (HGA), rhamnogalacuronan-I (RG-I) and rhamnogalacturonan-II 

(RG-II). 8. It is assume that RG-I and RGII are covalently linked to HGA domains but 

there is no proof for a direct attach between RG-I and RG-II. HGA is a linear 

homopolymer of (1→4)-α linked- D-galacturonic acid and is thought to include some 

100–200 GalA residues. HGA is an abundant and general domain of pectin and 

appears to be synthesized in the Golgi 9. RG-I is an acidic pectin domain consisting of 

as many as 100 repeats of the disaccharide (1→2)-α-L-rhamnose-(1→4)-α-D-

galacturonic acid. In RG-I domain, chains are mainly consist of arabinan and 

galactan10. RG-II in spite of its name, is not structurally related to RG-I but is a 

branched pectin domain including an HGA backbone. RG-II has a backbone of 

around 9 GalA residues that are (1→4)-α-linked and is substituted by 4 

heteropolymeric side chains of known and consistent lengths. The side chains contain 

eleven various sugars such as, acetic acid, apiose and 2-keto-3-deoxy-Dmanno- 

octulosonic acid 8(Fig 2). 
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Fig 2) pectin structure 

 

Industrial Production of Pectins 

As a major raw material, apple pomace and citrus peels are the sources from which 

most industrial pectins are derived. However, raw materials are highly dependent 

upon local crop sources. In some parts of the world, sugar beet pulp, sunflower heads, 

or potato pulp are used. May and Voragen11 previously described, as summarized in 

Figure 3 the industrial process for pectin extraction in detail. Process details vary 

between companies, but the general process is as follows. 

The source materials are refluxed with dilute mineral acid (~ pH 2) at 60-100°C for 

1-10 hours. The hot pectin extract is separated from the solid residue and pectinase-

free α-amylase is added to hydrolyze starch if the source is apple or peach pomace. 

The clarified extract is concentrated under vacuum to ~ 4% pectin content and 

precipitated with 2-propanol. The precipitate is washed, dried, and ground to a 

powder form. Desired yield and DE determine extraction temperature and time (de-

esterification proceeds faster than de-polymerization at lower temperatures). Low DE 

types of pectin are produced via acidic treatments at various stages during the 

extraction process. When ammonia is used for this purpose, amidated pectins are 

obtained as a final product. To get a product that is consistent over a range of 

properties, blending batches and dilution with sugars is customary12. 
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Fig 3) Industrial production of pectin 
 

Pectin application 
 

In history, Pectins have found use as general texture modifiers and gelling agents. 

Among the more common applications, pectin is used extensively in jams, jellies, 

confectionaries, deserts, yogurts, and anti-diarrheal agents. Some of the more important 

modern uses include: 1) Ca2+
 sequestering agent in detergents, 2) fillers in low calorie 

food products, 3) edible acidifying agents, 4) rheology modification, 5) biodegradable 

surfactants and emulsifiers, 6) edible packaging, 7) dairy stabilizers, and 8) dietary fat 

replacements 13, 14 lately, new applications of pectin have become very important. Most 

important is the treatment of wastewater effluents where pectin has found extensive use in 

treatment regimens involving contamination with heavy metals. Pectins of most 

configurations show affinity for complexation with metal ions in aqueous solutions. Also, 

as an excipient, pectin efficiently encapsulates many pharmaceutical actives that are 

expatriated in the human large intestine and colon thereby greatly increasing drug 

efficacy. 

Production of pectin from citrus 

The white spongy albedo of citrus fruits is an eminently suitable raw product for 

pectin manufacture. As stated previously, most of the pectin produced in many 
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countries is now made from citrus peel; there is also a tendency toward expansion of 

the production of citrus pectin which is not the case with apple pectin. The production 

of canned and frozen citrus juices has now reached exceedingly high levels, and the 

amount of citrus peel available as a by-product is enormous. In addition, considerable 

amounts of peel become available from the canning of grapefruit segments.15

This amount of citrus peel is much greater than can possibly be used for pectin 

manufacture, even allowing for important developments in the more extensive 

utilization of pectin and other pectin substances and derivatives. 

Citrus peel of various origins contains 20 to 50% pectin, on the dry matter basis. 

The Hung lemon seems to be the richest  source and, in general, the lemon is 

regarded as one of the best sources of pectin. Grapefruit peel is also a very good raw 

material, as is the peel of the pomelo with its thick albedo. Among the common 

citrus fruit, orange peel is a comparatively less suitable raw material. Naturally, the 

condition of the fruit and other factors has a profound effect both on the quantity and 

quality of the pectin obtained. It is also known that even partial freezing of the peel 

will 

16

17 

cause difficulties with the pectin, presumably as the result of the demethylating 

action of the pectin methyleterase which occurs in the peel. 

At times when surplus lemons were on hand, lemon peel has been used for pectin 

manufacture without utilizing any other part of the fruit an undesirable procedure in 

any adjusted economy. Since the lemon peel used for the manufacture of pectin is 

usually a by-product of the production of lemon juice and concentrates, the maturity 

of the fruit is therefore somewhat more advanced than is desirable for obtaining the 

maximum jelly unit yield. The production of citric acid also used to supply sizable 

quantities of lemon peel. The bulk of citrus pectin is now produced from grapefruit 

peel and, to a lesser degree, from lemon and orange peel. No distinction is made in 

the trade among pectins produced from any of these sources; they are all covered by 

the name citrus pectin. The variation in the quality of pectin which may be obtained 

from citrus peel is great, and for the three sources the maximum grade which may be 

obtained, under optimum conditions may be roughly set as 300-350 grade for lemon 

peel, 250-300 for grapefruit peel, and 150-250 grade for orange peel. 

Generally speaking, in any of these citrus fruits the varieties which possess a thick, 

firm albedo are usually most suitable for the manufacture of pectin. This is true not 

only because the amounts of albedo and thus raw pectin are larger, but also because 
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the various impurities derived from the flavedo and the "rags" remaining after the 

juice is expressed are present in much smaller amounts. 

Until recent years, only fresh citrus peel was used for the manufacture of pectin, 

although large quantities of citrus peel were also limed, dewatered in presses, and 

dried for feed in the types of rotary tubular dryers used for apple pomace. Such peel is 

of course unsuitable for the manufacture of pectin without extensive treatment for the 

removal of the calcium and for other reasons. However, during the world war two 

citrus peels, more specifically grapefruit peel was dried extensively without liming 

for shipment abroad as a substitute for the insufficient supply of pectin. Such peel is 

used to extend the season during which pectin can be manufactured from fresh peel or 

dried apple pomace. This is indicated by the shipment of dried citrus peel to 

manufacturers of apple pectin. 

The manufacture of citrus pectin from the peels of lemons, grapefruit, and oranges 

shows great similarity and will therefore be discussed together. The basic published 

information concerning the manufacturing methods used is contained in an article by 

Wilson  18 the important patent of Jameson, Taylor, and Wilson . 19

 

Removal of Oil, Heating, and Purification of Peel 

The flavedo of citrus fruits contains a considerable proportion of oil, which is 

usually removed by some method before the original shape of the citrus fruit is 

destroyed or after the juice has been expressed. The oil is a valuable by-product of 

juice manufacture. The variety of machinery used for this purpose is great. Briefly, 

most methods cause oil cells to burst in a gentle manner to prevent absorption of the 

oil by the albedo. The oil is washed off, usually with an excess of water, and the oil 

is recovered by centrifuging or other means. For details of oil extraction processes 

and for information on other aspects of citrus product manufacture, the reader is 

referred to the monograph of Braverman.20 

For the manufacture of pectin, after removal of the oil and juice, the citrus peel is 

washed in rotating cages to remove the seeds and as much of the "rags" as possible.

The peel is then either heated directly or first ground or shredded and then heated to 

inactivate the enzymes which are present in the peel,  and which may cause 

undesirable changes in the pectin constituents. Heating to 

 18, 21

95-98°C for about 10 

minutes is recommended for this purpose. This preliminary step may be eliminated 18
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if the peel is to be heated promptly for extraction since that operation also 

inactivates the enzymes. The small pieces of peel are then thoroughly washed with 

large quantities of water and, at times, are heated to temperatures of 50-60°C to 

facilitate removal of sugars and other soluble constituents, but especially to 

eliminate fine particles which form fine suspended solids. Washing extracts a small 

quantity of pectin but the removal of undesirable impurities, as well as of pectinic 

acids of low jellying power, offsets any loss of pectin. One of the purposes of 

washing the peel is to remove the bitter-flavored glycosides which occur in some 

peel. The use of a small quantity of sodium carbonate in the wash water has also 

been suggested, but in most cases the bitterness can be removed from the shredded 

peel with water alone. It is imperative that the water used for washing the peel be 

free from calcium and magnesium, not to speak of metal ions, since their presence 

may destroy the effectiveness of the extraction procedure. The washing process 

should not be unduly prolonged because of the loss of pectin. 

This purification of the peel is especially important if the pectin extract is to be 

used in the form of a concentrate or dried without preliminary precipitation of the 

pectin. Soluble solids which are not removed find their way into the final product. 

The shredded pieces of inside rag should also be removed as completely as possible 

since these contain pectins of lower quality than does the albedo. The method of 

washing determines the preferred method of grinding or shredding, but the latter is 

generally more desirable as it assures good extraction, is less wasteful, and provides 

easier handling. 

Pressing of the washed peel removes the soluble solids in a quicker and more 

efficient manner than draining. In certain processes pressing are performed twice. 

The use of this method greatly hastens the purification of the peel . 

22

23

Extraction: 

Extraction with hot water is the simplest and oldest method for removing the 

pectinic acids from plant tissues, but this procedure has many disadvantages. First of 

all, the water dissolves various other compounds from the plant tissue. A further 

disadvantage of hot-water extraction is the long periods of heating which are required 

for essentially complete removal of the pectinic acids.  
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A list of various agents can be added for extraction of pectinic material from plant 

tissues such as use of acids, glycerol, ammonium oxalate, sucrose solution, and 

polyphosphates. Alkaline compounds such as sodium hydroxide, sodioum carbonate, the 

amonioum hydroxide have also been used, but it is noticed that, while this may be 

suitable for extraction of pectic acids, the alkaline medium will demethylate the pectinic 

acids. For this reason alkaline reagents are altogether unsuitable for our purpose24. 

In this work adding some reagent such as polyphosphate in acidic extraction of pectinic 

material form plant tissue is tested for finding effect of this chemical in this extraction. 

The experiment of adding chemical is not tested by resent workers. Various ion 

exchange agents are used in the extraction of pectinic acids from plant tissues since 

some of the pectic compounds in plant tissues may be remain insoluble by calcium 

and other polyvalent cations. 

The usual method of protective extraction is to use a dilute hot solution of a highly 

dissociated acid. Pectin field contains many statements giving combinations of the 

three principal factors which determine the efficiency, of extraction, namely, pH, 

temperature, and duration of heating for different raw materials.  

A fourth factor, dilution, may be added as being of secondary importance. There is a 

wide range of acidities at which pectinic acids may be successfully extracted from 

plant tissues. The dominant idea in extraction for research purposes is to prevent any 

great extent of degradation and hydrolysis, as well as deesterification. The use of acid 

in the extraction procedure has the added advantage that it reduces the proportion of 

hemi-celluloses in the extract.  

The careful control of extraction temperatures is important for several reasons. Hot 

acid renders the insoluble pectic constituent soluble in a much shorter period of 

digestion than is the case when lower temperatures are used. The dissolving of the 

solubilized pectinic acids is also more rapid in a hot solution. On the other hand, hot 

acid causes degradation of the extracted pectic materials. This reaction is greatly 

accelerated at temperatures above 80 ° C .Therefore the range of 60 to 90 ° C is used 

by many workers24. Extraction around 80° C, as used in the procedure given below, 

is comparatively safe and efficient but if we reduce time of the extraction may 

overcome to this issue25. 
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For better extraction is suggested that, extract removed frequently. Some workers 

suggest 3 to 4 acid extraction for complete extraction of pectinic acids. In order to be 

sure about a complete extraction of pectinic material, a small sample of the clear 

filtrate can be mixed with 2 volume propanol, after centrifuging if precipitate 

particles appear in the mixture, the extraction should be continued. 

In this work tree method of extraction is tested by use of different acids, time and 

temperature. 

Using stainless steel reactors at higher temperature as a new method of extraction 

was also tested for extraction of pectinic material. 

Adding reagents to acid solution for finding the effect of these chemicals in 

extraction of pectinic material and optimizing the amount of them is also performed. 
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Chapter 2: Materials and Methods 

 
For more information about the inovative methods described in this chapter see 

refrence 26-45. 

Orange peel was acquired from the commercial fruit juice factory near to laboratory 

in Boras University, Bramhult juice factory, processing of mixed orange varieties by 

pressing them.  

Ethanol and propanol, concentrated sulphuric acid 18M, concentrated hydrochloride 

acid 18M, acetone, calcium chloride, sodium chloride ,sodium hydroxide 2 M ,EDTA, 

ammonium sulphate ,glycerol, sodium poly phosphate, was prepared from Fisher 

company. 

Reagent: carbozole reagent and 2-Hydroxybiphenyl, 90 percent, was prepared from 

Sigma Company. 

 

1. Preparation and purification of pectin substance in the laboratory 

Method: 
The peel from factory was washed vigorously with hot tap water, 60°C, to reduce 

pulp and seeds attached to peel, for 30 minutes. Then dried in oven in 60°C for 24 

hours and suspended in 2- propanol in order to reduce other ingredients such as 

different sugars overnight. Then putting it, in the oven again in 60°C for about 6 hours 

to get the moisture about 4 to 8 percent, then milled by a domestic hammer mill and 

sieved by a 500 μc sieve and store in refrigerator. 
 

2. Extraction 

Method: 

2.a. Extraction with sulphuric acid and hydrochloric acid: 

Different extractions were done by heating 3 g of dried orange peel in 200 ml of 

acidic water in an Erlen flask stirred at 200 rpm in a water bath in a continuous 

process at 80°C and 90°C. Different amounts of H2SO4 (18 M) and HCl (18 M) were 

added to the flasks to set the pH at 1.5 and 2. At each constant pH and temperature, 

samples were extracted after 1, 2, and 3 hours. All experiments were duplicated and 

48 samples were extracted. 
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The juice extract from the Erlen flask was centrifuged at 4300 × g for 15 min to get 

rid of solid particle. The supernatants were filtered by filter paper (11 μm) to remove 

the impurities. All 24 tests in temperature 80°-90 °C and pH of 1.5-2 and time of 1-3 

hour were shown in (table 3). 

Table 3) (2×12)tests in temperature 80°-90 °C and pH of 1.5-2 and time of 1-3 hour in  

extraction with sulphuric acid and hydrochloric acid 

 

 

 

 

 

 

 

 

 

 

 

 

 

pH Temperature(°C ) Hour 

1.5 90 1 

2 90 1 

1.5 90 2 

2 90 2 

1.5 90 3 

2 90 3 

1.5 80 1 

2 80 1 

1.5 80 2 

2 80 2 

1.5 80 3 

2 80 3 

 

For adjusting the pH in 1.5 and 2 ,respectively 400 and 110 µL of concentrated 

sulphuric (18 M)  acid was added to 200 ml of distillate water and then add 3 gram of 

prepared orange peels ,after adding orange peel the pH increase little bit. For 

adjusting the pH in 1.5 and 2 ,respectively 900 and 370 µL of concentrated 

hydrochloric acid (18 M)  was added to 200 ml of distillate water and then add 3 gram 

of prepared orange peels ,after adding orange peel the pH increase little bit. 
 

2.b. Extraction at higher temperature by stainless steel reactors 
Different extractions were done by heating 1.5 g of dried orange peel in100 ml of 

acidic water in a 150 ml stainless steel reactor in oil bath in a continuous process at 

120°, 150° and 200 °C. The PH was adjusted in 2 by using H2SO4 (18 M). At each 

constant pH and temperature, samples were extracted after 5, 15, and 30 min. All 

experiments were duplicated and 18 samples were extracted. 
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The juice extract from the stainless steel reactor filtered by filter paper (11 μm) to 

remove the solid content. All 9 tests in temperature 120°, 150° and 200°C and pH of 2 

and time of 5, 15, and 30 min were shown in table 4. 

Table 4) 9 tests in temperature 120°, 150° and 200 °C and pH of 2 and time of 5, 15, and 30 min 

Time (min) Tem. °C 

5 120 

15 120 

30 120 

5 150 

15 150 

30 150 

5 200 

15 200 

30 200 

 

For adjusting the pH in 2, 55 µL of concentrated sulphuric acid was added to 100 ml 

of distillate water and then add 1.5 gram of prepared orange peels ,after adding orange 

peel the pH increase little bit. 
 

2.c. Extraction with acid and reagent: 

Different extractions were done by heating 3 g of dried orange peel and 0.5 g of one 

of the reagent, Sodium chloride, EDTA, Glycerol, Sodium polyphosphate and 

Ammonium sulphate, in200 ml of acidic water in an Erlen flask stirred at 200 rpm in 

a water bath in a continuous process at 80°C.A constant amounts of H2SO4 (18 M) 

were added to the flasks to set the pH at 2. At each constant pH and temperature, 

samples were extracted 2 hours. All experiments were duplicated and 12 samples 

were extracted. 

The juice extract from the Erlen flask was centrifuged at 4300 × g for 15 min to get 

rid of solid particle. The supernatants were filtered by filter paper (11 μm) to remove 

the impurities. For adjusting the pH in 2, 110 µL of concentrated sulphuric acid was 

added to 200 ml of distillate water and then add 3 gram of prepared orange peels ,after 

adding orange peel the pH increase little bit. 
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3. Preparation of Pectinic Acids in Solid Form  

Method: 

3.a. Direct Drying (Evaporation) 

The solid content of all juice extracts was measured by freeze drying 40 ml of juice 

extract and weighting.  

3.b.Precipitation with 2-propanol: 

After extraction procedure and filtration, the pH of the 75 ml of filtrate set to 3.5 

with NaOH 2 M for better precipitation. Then add 100 ml of 2-propanol and 

centrifuge in 4300 × g for 60 min to separate alcohol precipitate. It was dried in a 

freeze drier and weighted. 

For precipitation of pectin material after oil bath extraction, the same method was 

run, but 50 ml of juice extract was used. The pH of the 50 ml of filtrate was set to 3.5 

with 2 M NaOH .Then add 60 ml of 2-propanol and centrifuge in 4300 × g for 60 min 

to separate alcohol precipitate. It was dried in a freeze drier and weighted. 
 

3.c. Comparison the Precipitation power of acetone, ethanol and 2-

propanol 

An extra test was run to compare the power of acetone, propanol and ethanol in 

pectin precipitation. 

Method 

After extraction procedure in 80°C and 2 hours of extraction, different precipitation 

in 3 laboratory plastic tubes, with ethanol, acetone and 2-propanol by adding 50 ml of 

filtrated juice extract was done. Then the pH set to 3.5 by adding sodium hydroxide 2 

M .Then Add slowly 60 ml of ethanol to tube number 1.The same jobs were done for 

2-propanol tubes, but add 2-propanol instead of ethanol. For acetone tubes add 50 ml 

of acetone instead of 60 ml. Then all tubes were centrifuged for 1 hour in 10000 × g, 

after centrifuging decant the supernatant and put the tubes in freezer for 1 day in order 

to prepare them for freeze drier .then put in freeze drier to dry for about 48 hours and 

weighted. 
 

3.d. Precipitation by help of reagents  

In addition a similar test was run to find the effect of adding some metallic salt in 

pectin precipitation by adding a small amount of sodium chloride and calcium 
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chloride, to juice and solvent mixture as described down. After extraction procedure 

in 80°C and 2 hr of extraction, prepare 6 laboratory plastic tubes, for different 

precipitation with ethanol, acetone and 2-propanol and testing the effect of metallic 

salt in precipitation.  

The 6 tubes were labeled in this way. 

 

Acetone + 

Sodium chloride 

Ethanol + 

Sodium chloride 

2.propanol + 

Sodium chloride 

Acetone + 

Calcium chloride 

Ethanol + 

Calcium chloride 

2.propanol + 

Calcium chloride 

 

Adding 50 ml of filtrated juice extract to each of them. Then the pH set to 3.5 by 

adding sodium hydroxide 2 M. 

Add slowly 60 ml of ethanol to 2 tubes which have the name of ethanol and then 

add slowly 0.50 g of sodium chloride which prepared before to tube of Ethanol + 

Sodium chloride and 0.50 g of calcium chloride to the tube of Ethanol + Calcium 

chloride. The same jobs were done for 2-propanol tubes, but add 2-propanol instead 

of ethanol. 

For acetone tubes add 50 ml of acetone and then add slowly 0.50 g of sodium 

chloride which prepared before to tube of Acetone + Sodium chloride and 0.50 g of 

calcium chloride to the tube of Acetone + calcium chloride. 

Then all tubes were centrifuged for 1 hour in 4300 × g, after centrifuging decant the 

supernatanand put the tubes in frizzier for 1 day in order to prepare them for freeze 

drier .Then put in freeze drier to dry for about 48 hours and weighted. 
 

4. Analysis 

Experimental Methods for analysis part: 

• Juice extraction yield (Total solid). 

• The alcoholic precipitation yield. 

• Galacturonic acid content. 
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1. Juice extraction yield 

40 ml of juice extract was dried in a freeze drier and weighted. 

2. The alcoholic precipitation yield: 

The pH of the 75 ml of filtrate was set to PH 3.5 with 2 M NaOH. Then add 100 ml 

of 2-propanol and centrifuge in 4300 × g for 60 min to separate alcohol precipitate. It 

was dried in a freeze drier and weighted.  

For higher temperature test instead of 75 ml of filtrate used 50 ml ,and do the same in 

other steps.  

3. Galacturonic acid content: 

For this measurement, after adjusting the PH of 15 ml juice in 3.5 with NaOH 2M 

add 20 ml of propanol to get an alcohol percent about 70 percent 24, for better 

precipitation, then centrifuge it in 10000× g for 60min, decant the supernatant and 

dilute the precipitation in 1000 ml volumetric balloon and mix the solution for 6 hour 

in rotor. Then filter 100 ml of the solution by filter paper number .Then the sample are 

ready for using in photometer. 

The Galactrnoic acid content of juice extract was measured by basic photometric 

method46. This method needed some improvement in order to have accurate 

measurement. A detailed discussion on this method is important because all the result 

is under effect of this test. 

 

4.a. meta-hydroxy-diphenyl method  

It is a method for determination of uronic acids with meta-hydroxy- biphenyl It is 

simpler, quicker, more sensitive, and more specific than other methods, and it needs 

lesser amount of fluid. It is recommended for determination of acid 

mucopolysaccharides in biological materials. 

Hexosamine and uronic acid are the components of the repeating unit of all acid 

mucopolysaccharides (glycosaminoglycans) with the exception of keratosulfate, in 

which galactose replaces the uronic acid moiety. Uronic acid is widely determined as 

representative of acid mucopolysaccharides in biological substances. However, the 

assays mainly used for quantitative determination of uronic acids are not sufficiently 

accurate, insofar as hexoses or pentoses interfere with their specificity. The need for a 

rapid, sensitive, and specific method for quantitative assay of uronic acids and acid 

mucopolysaccharides stimulated the elaboration of a new method based upon the 
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appearance of a chromogen when uronic acid heated to 100°C in concentrated sulfuric 

acid/tetraborate is treated with meta-hydroxydiphcnyl. (Fig 4) 

 

 
 

Figure 4) Different sample after analysis by m-hydroxi method 
 

Reagent 

Meta-hydroxydiphenyl solution. A 0.15% solution of meta-hydroxy-diphenyl in 

0.5% NaOH. The reagent solution was kept in the refrigerator covered with aluminum 

foil for more than 1 week. 

H2SO4/sodium tetra borate solution. A 0.0125 M solution of tetra borate in 

concentrated sulfuric acid. 

Method 

To 0.500 ml of the sample containing from 0.5 to 50 μg uronic acids, 3 ml of 

sulfuric acid/tetraborate was added. The tubes were refrigerated in crushed ice. The 

mixture was shaken in a Vortex mixer and the tubes heated in a water bath at 100°C 

for 5 min. After cooling in a water-ice bath, 50 μl of the m-hydroxydiphenyl reagent 

was added. The tubes were shaken and, within 5 min, absorbance measurements 

made at 520 nm in a Shimadzu spectrophotometer. 
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As carbohydrates produce a pinkish chromogen with sulfuric acid/ tetraborate at 

100°C, a blank sample was run without addition of the reagent, which was replaced 

by 20 μl of 0.5% NaOH. The absorbance of the blank sample was subtracted from 

the total absorbance. 

Standard curve: 

Galacturonic acid (GA) standard solution: Dissolve 0.11383 g of GA, in distilled 

water, adds 0.5 ml of 1 N NaOH, and make up to 1000 ml with distilled water to 

make a 100 μg/ml stock solution of galacturonic acid. Let mixture stand overnight. 

Dilute with distilled water to make 20, 40, 60, 80 and 100 μg/ml standard solutions 

and Store in refrigerator. For making standard curve after preparing the solution as 

said above use the GA solution as sample and the entire step was done as described 

in the method and developed a standard curve for the test. 
 

4.b. Carbazole method:  

As explained before, another method for photometric measurement of Galacturonic 

acid is Carbazole method47
 .Principal of this method is similar to meta-hydroxy-

biphenyl method but the reagent is carbazole instead of meta-hydroxy-biphenyl. In 

fact, meta-hydroxy-biphenyl method was developed as a modification for carbazole 

method. In this work a comparison is done between these methods by testing a 

specific amount of pectin by this 2 methods. 

Since in this method the author, in 1952, did not hint directly to temperature of 

heating period in water bath for developing the color of the reagent and other workers 

used different temperature48 ,in this work two temperature of 85 and 100°C and time 

of 5 and 10 min are tested for making standard curve.  
 

Method description: 

Reagents: 

1. Ethanol 63%: Dilute 63 ml of 95% ethanol with distilled water to 95 ml. 

2. Alcoholic carbazole solution 0.1%: Dissolve 0.1 g of carbazole in ethanol and make 

up to 100 ml. A mixture of 1 ml of water, 0.5 ml of alcoholic carbazole solution, and6 

ml of concentrated sulfuric acid must be water clear or almost so. 

3. Sodium hydroxide solution (1 N): Dissolve 40 g of NaOH in 1000 ml of distilled 

water. 
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After filtering the solution, the filtrate is used for total pectin analysis by carbazole 

method by flowing steps. 

1. Label a set of test tubes, in triplicate, for the followings: 

• Carbazole reagent blank 

• Samples in carbazole 

2. Add 1 ml of distilled water to tube of: 

• Carbazole reagent blank 

Add 1 ml of pectin filtrate to tube of: 

• Samples in carbazole 

3. Add 0.5 ml of carbazole solution to each tube of: 

• Carbazole reagent blank 

• Samples in carbazole 

4. Dispense 6 ml of H2SO4, over a period of 7 seconds, to each of all the test tubes 
with continual shaking. 

5. Immediately place test tubes in a100°C water bath for 10 min. 

(Immediately place test tubes in an 85 °C water bath for 5 min if you want to test in 
85°C). 

6. Remove from water bath to cool at ambient temperature for 5 min in ice bath. 

7. Zero spectrophotometer with combined carbazole reagent blank. 

8. Immediately read samples in carbazole. 
 

Standard curve: 

A same procedure was run as described for standard curve of meta-hydroxy-

diphenyl method. 
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4.c.Comparison between carbazole method and meta-hydroxy-diphenyl 

method: 

In this test, a solution of 50 µg /ml of pectin was made by solving 0.0265 g of citrus 

pectin 94 %.Then the two analysis is done according the description.(Fig 5) 

 

 
 

Fig 5) The Pinkish one, carbazole 85 °C, and brownish color, carbazole 100 °C, after performing  
carbazole method. 

 
 

5. Testing the galacturonic acid content of dried 2- propanol precipitation 

material and dried total solid in juice extract 

After drying the propanol precipitation and juice extract in freeze drier one test was 

performed in order to find the galacturonic acid content of this dried material. 

According to this test after 2 hours extraction in 80°C in pH 2 see page 19, and drying 

in freeze drier, 0.05 g of the above mention material was weighted and make a 

solution with distillated water in 500 ml volumetric balloon and put on rotor over 

night, then filtrate with filter paper (11 μm) and tested with M-hydroxi method). 
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Chapter 3: Result and Discussion  

Extraction 

1. Extraction with concentrated sulphuric acid: 

An investigation of the effect of extraction conditions (pH: 1.5 to 2; temperature: 80 

to 90 ° C; extraction time: 1 to 3 h) with sulphuric acid, on the yield and purity of 

citrus pectin was carried out.  
 

1.a.Juice extraction yield (Total Solid):  

The solid content of all juice extracts was measured by freeze drying of 40 ml of juice 

extract and weighting (table 5 and fig 6). 

Although the solid content and the precipitation yield of juice extraction in PH 1.5 

was higher than PH 2, the galactronic content in PH 2 was higher than PH 1.5.It can 

be described as the power of acid in digestion of other material as well as pectin in PH 

1.5. The solid content of all 12 tests in temperature 80°-90°C and PH of 1.5-2 and 

time of 1-3 hour is shown in table 5,ranging of 46 % to 82.5% of dry material (w/w). 

The highest yield was for PH 1.5 after 3 hours extraction in 90°C and the lowest one 

was for PH 2 after 1 hour extraction in 80°C.In all tests, the yield of solid content  in 

corresponded PH and time of extraction, in 90°C was higher than 80°C. In all tests, 

the solid content of juice in corresponded temperature and time of extraction, in PH 

1.5 was higher than PH 2.  
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Fig. 6) Juice extraction yield (total solid)  in sulphuric acid extraction in different conditions of 

time temperature and PH 
 

1.b.The alcoholic precipitation yield: 

The alcoholic precipitation yield of all juice extracts was measured by weighting of 

the precipitation of juice extract from 75 ml of juice, with 2-propanol after drying in 

freeze drier (table 5 and fig 7). 

The alcohol precipitation of all 12 tests in temperature 80°-90°C and PH of 1.5-2 and 

time of 1-3 hour is shown in table 8.Ranging of 35.6 % to 46% of dry material (w/w). 

The highest yield was for PH 1.5 after 2 hours extraction in 90°C and the lowest one 

was for PH 2 after 1 hour extraction in 80°C.In all tests, the yield of solid content  in 

corresponded PH and time of extraction, in 90°C was higher than 80° C. In all tests, 

the solid content of juice in corresponded temperature and time of extraction, in PH 

1.5 was higher than PH 2. 
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Fig 7) The alcoholic precipitation yield in sulphuric acid extraction in different conditions of time 

temperature and PH 
 

1.c.The Galacturonic acid content: 

The Galactronic content of all 12 tests in temperature 80°-90 ° C and PH of 1.5-2 and 

time of 1-3 hour is shown in table 5 and fig 8 ,ranging between 23 to 39 μg per 

milliliter. The highest Galacturonic acid content was for PH 2 after 3 hours extraction 

in 80° C and the lowest one was for PH 1.5 after 1 hour extraction in 90°C.In all tests, 

the galactronic content in corresponded ph and time of extraction, in 80 °C was higher 

than 90° C. In all tests, the Galactronic content in corresponded temperature and time 

of extraction, in PH 2 was higher than PH 1.5. Although the solid content and the 

precipitation yield of juice extraction in PH 1.5 was higher than PH 2, the galactronic 

content in PH 2 was higher than PH 1.5.It can be described as the power of acid in 

digestion of other material as well as pectin in PH 1.5. 
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Fig 8) Galacturonic acid content of the extracted juice after diluting precipitation of 15 ml of it to 

1000 ml in sulphuric acid extraction in different conditions of time temperature and PH 
 
 
 

Table 5) Juice extraction yield (total solid), alcoholic precipitation yield and Galacturonic acid 
content in sulphuric acid extraction in different conditions of time temperature and PH 
 
PH Hour Temperature°C Juice 

extraction 
yield(Total 
solid ) 
%(w/w) 

Alcoholic 
precipitation 

yield Dry 
material 
%(w/w) 

Conc. 
of GA 
μg/ml 

Conc. of GA 
%w/w 

dry material 

1.5 1  90 75.2 41.8 23.2 10.3 
2 1  90 55.6 38.5 25.1 11.1 

1.5 2  90 81.1 46.5 23.5 10.4 
2 2  90 61.7 41.6 27.8 12.3 

1.5 3  90 82.4 42.5 31.4 13.9 
2 3  90 63.3 39.9 33.3 14.8 

1.5 1  90 66.4 40.1 25.3 11.2 
2 1  80 45.8 35.6 32.5 14.4 

1.5 2  80 68.1 43.9 26.7 11.8 
2 2  80 54.9 41.0 33.7 14.9 

1.5 3  80 70.1 42.1 32.2 14.3 
2 3  80 55.7 39.1 38.8 17.1 
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2. Extraction with Hydrochloric acid: 

An investigation of the effect of extraction conditions (pH: 1.5 to 2; temperature: 80 

to 90 ° C; extraction time: 1 to 3 h) with Hydrochloric acid, on the yield and purity of 

citrus pectin was carried out just similar to pervious test but with hydrochloric acid. 

2.a.Juice extraction yield (total solid):  

The solid content of all juice extracts was measured by freeze drying of 40 ml of juice 

extract and weighting (table 6 and fig 9).  

The solid content of all 12 tests in temperature 80°-90 ° C and PH of 1.5-2 and time of 

1-3 hour is shown in table 10,ranging of 46 % to 62.5% of dry material (w/w). The 

highest yield was for PH 1.5 after 3 hours extraction in 90° C and the lowest one was 

for PH 2 after 1 hour extraction in 80°C.In all tests, the yield of solid content  in 

corresponded PH and time of extraction, in 90 °C was higher than 80° C. In all tests, 

the solid content of juice in corresponded temperature and time of extraction, in PH 

1.5 was higher than PH 2.  
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Fig 9) Juice extraction yield (total solid ) in Hydrochloric acid extraction in different conditions 

of time temperature and PH 
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2.b: The alcoholic precipitation yield: 

The alcoholic precipitation yield of all juice extracts was measured by weighting of 

the precipitation of juice extract from 75 ml of juice extract with 2-propanol after 

drying in freeze drier (table 6 and fig 10). 
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Fig 10) the alcoholic precipitation yield in Hydrochloric acid extraction in different conditions of 

time temperature and PH 
 

The alcohol precipitation of all 12 tests in temperature 80°-90°C and PH of 1.5-2 

and time of 1-3 hour is shown in table 11.Ranging of 34% to 50% of dry material 

(w/w). The highest yield was for PH 1.5 after 3 hours extraction in 90° C and the 

lowest one was for PH 2 after 1 hour extraction in 80°C.In all tests, the yield of solid 

content  in corresponded PH and time of extraction, in 90 °C was higher than 80° C. 

In all tests, the solid content of juice in corresponded temperature and time of 

extraction, in PH 1.5 was higher than PH 2. 
 

2.c.The Galacturonic acid content: 

The Galactronic content of all 12 tests in temperature 80°-90°C and PH of 1.5-2 and 

time of 1-3 hour is shown in table 6.ranging between 24 to 43 μg per milliliter and 

10.9 to 19.2 Galacturonic acid % w/w to dry material. The highest Galacturonic acid 
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content was for PH 2 after 2 hours extraction in 90°C and the lowest one was for PH 

1.5 after 1 hour extraction in 80°C.In all tests, the Galactronic content in 

corresponded ph and time of extraction, in 90°C was higher than 80°C. In all tests, the 

Galactronic content in corresponded temperature and time of extraction, in PH 2 was 

higher than PH 1.5. 
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Fig 11) Galacturonic acid content of the extracted juice after diluting precipitation of 15 ml of it 

to 1000 ml in different conditions of time temperature and PH 
 

Although the solid content and the precipitation yield of juice extraction in PH 1.5 

was higher than PH 2, the galactronic content in PH 2 was higher than PH 1.5.It can 

be described as the power of acid in digestion of other material as well as pectin in pH 

1.5. 
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Table 6) Juice extraction yield (total solid), alcoholic precipitation yield and Galacturonic acid 
content in Hydrochloric acid extraction in different conditions of time temperature and PH 

PH Hour-  Temperature °C  Juice extraction 
yield(Total solid ) 
%(w/w) 

Alcoholic 
precipitation 

yield Dry 
material 
%(w/w) 

Conc. 
of GA 
μg/ml 

Conc. of 
GA 

%w/w 

 

dry 
material 

1.5 1  90 58.1 40.3 34.3 15.2 
2 1  90 53.2 35.3 41.5 18.4 

1.5 2  90 61.4 43.9 37.9 16.8 
2 2  90 58.4 39.0 43.2 19.2 

1.5 3  90 62.0 50.4 31.0 13.8 
2 3  90 60.5 46.2 35.9 15.9 

1.5 1  80 51.5 39.9 24.5 10.9 
2 1  80 45.9 34.3 34.7 15.4 

1.5 2  80 55.34 42.4 26.1 11.6 
2 2  80 52.5 40.7 36.9 16.4 

1.5 3 80 57.1 43.0 28.8 12.7 
2 3  80 53.8 39.2 38.9 17.2 

In compare with extraction by sulphuric acid, the juice extraction yield (TS) in 

sulphuric acid is higher than extraction in hydrochloric acid about 15 % .Both of the 

picks are observed after 3 hours extraction in PH 1.5 and 90°C. 

In alcoholic precipitation test the highest yield was for PH 1.5 after 2 hours extraction 

in 90° C in sulphuric acid method and in PH 1.5 after 3 hours extraction in 90° for 

extraction by hydrochloric acid. The dry material content of alcoholic precipitation 

yield was obtained about 50 (%w/w) and 46 (%w/w) in hydrochloric acid and 

sulphuric acid extraction respectively. 

In galacturonic acid part the highest Galacturonic acid content was for PH 2 after 3 

hours extraction in 80° C in sulphuric acid and in hydrochloric acid extraction the 

highest yield was in PH 2 after 2 hours extraction in 90°C. The dry material content of 

galacturonic acid in hydrochloric acid extraction was 19.2 (%w/w) and 17.2 (%w/w) 

in sulphuric acid extraction. Therefore, hydrochloric acid extraction method can lead 

to higher pectin and galacturonic acid content than sulphuric acid extraction .But there 

is some advantage for sulphuric acid extraction such as the blanching factor of this 

acid and stability of it in compare to hydrochloric acid which is evaporative. 

3. New method of extraction at higher temperature by stainless steel 
reactors 
 

   Pectin was extracted from dried orange peel by employing stainless steel reactors at 

higher temperature but without stirring. In this investigation the effect of extraction 
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conditions (temperature: 120, 150, 200°C; extraction time: 5, 15, 30 min) with 

sulphuric acid, on the yield and purity of citrus pectin was carried out. The alcohol 

precipitate yields varied from 0 to 23% of dry material (w/w) and the juice extraction 

yield varied from 0 to 58 % of dry material (w/w), the highest yield of alcohol 

precipitate and the juice extract was observed at 120 ° C  and 150° C after 30 min and 

15 min extraction respectively. The highest yield of galacturonic acid was observed in 

150°C after 15 min of extraction. The shortest time of extraction in compare to 

galacturonic acid and the alcohol precipitate and juice extract yield was observed after 

5 min of extraction in 200°C. 
 

3.a.Juice extraction yield (total solid):  

The solid content of all juice extracts was measured by freeze drying of 20 ml of 

juice extract and putting in freeze drier and weighting (table 7 and fig 12).  
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Fig 12) Juice extraction yield in higher temperature extraction in different conditions of time 

temperature and PH 
 

The solid content of all 9 tests in temperature 120,150 and 200°C and PH of 2 and 

time of 5, 15 and 30 min is shown in table 13.Ranging of 0 to 58% of dry material 

(w/w). The highest yield were for extraction at 120° C and 200° C 30 and 5 min 

respectively, and the lowest one was for extraction at 200 ° C for15 and 30 min which 

the solid content was burned.  
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3.b.The alcoholic precipitation yield: 

The alcoholic precipitation yield of all juice extracts was measured by weighting of 

the precipitation of juice extract with 2-propanol after drying in freeze drier (table 7 

and fig 13). 
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Fig 13) The alcoholic precipitation yield in higher temperature extraction 

 
The alcohol precipitation of all 9 tests in temperature 120,150 and 200 ° C and PH 

of 2 and time of 5, 15 and 30 min is shown in table 14.Ranging of 0 to 23% of dry 

material (w/w). The highest yield was for extraction at 120°C for 15 min and the 

lowest one was for extraction at 200 ° C for15 and 30 min which the solid content was 

burned.  

In the tests, 120-150°C, the yield of alcohol precipitation in corresponded 

temperature in 15 min was higher than 5-30 min. 

E.3.c.The Galacturonic acid content: 

The Galactronic content of all 9 tests in temperature 120,150 and 200°C and PH of 

2 and time of 5, 15 and 30 min is shown in (table 7 and fig 14), Ranging between 23 

to 39 μg per milliliter. The highest yield was for extraction at 150° C for15 min and 

the lowest one was for extraction at 200°C for 30 min which the solid content was 

burned.  
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Fig 14) Galacturonic acid content of the extracted juice after diluting precipitation of 15 ml of it 

to 1000 ml in higher temperature extraction 

In this method the important rule of agitation was overlooked .If it was possible to 

have mixing during heating in oil bath these yields could become about 2 time more 

see reference 25 for the rule of agitation in extraction procedure .Over all having a 

yield of 6.5 (% w/w) of galacturonic acid content to dry material after 5 min 

extraction in 200 ° C without mixing seems a reasonable result with a excellent saving 

of time for process of extraction. 
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Table7) Juice extraction yield (total solid), alcoholic precipitation yield and galacturonic acid 
content in higher temperature extraction in different conditions of time temperature and PH 

 
 

Time Tem °C Juice extraction 
yield(Total solid 
) %(w/w) 

Alcoholic 
precipitation 

yield Dry 
material 
%(w/w) 

Conc. of 
GA 
μg/ml 

Conc. of 
GA %w/w

dry 
material 

5 120 26.1 16.7 15.1 3.3 
15 120 50.6 26.4 28.6 6.3 
30 120 58.7 22.9 31.1 6.8 
5 150 27.4 11.8 14.7 3.2 
15 150 56.3 23.5 32.6 7.1 
30 150 55.8 10.1 25.8 5.6 
5 200 58.1 17.8 29.7 6.5 
15 200 0 0 0 0 
30 200 0 0 0 0 

 

4. Extraction with acid and reagents: 

An Extra test was run in the end days of working in the lab. By using orange peel 

powder which stored in the refrigerator .The pectin yield was lower than other test 

which was run before because of aging factor, since the purpose of this test was 

comparing the extraction with and without reagent this factor was overlooked. 

Different extractions were done by heating 3 g of dried orange peel and 0.5 g of one 

of the reagent, Sodium chloride, EDTA, Glycerol, Sodium polyphosphate and 

Ammonium sulphate, in200 ml of acidic water in an Erlen flask stirred at 200 rpm in 

a water bath in a continuous process at 80 °C in PH2. 
 

4.a.Juice extraction yield (total solid):  

The solid content of all juice extracts was measured by freeze drying of 40 ml of 

juice extract. 
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Fig 15) juice extract yield in extraction with acid and reagent 

The solid content of all 6 tests in temperature 80C and PH 2 and time of 2 hour is 

shown in table 17, ranging of 52.5 to 74 percent of dry material (w/w). The highest 

yield was for sodium polyphosphate extraction and the lowest one was for without 

reagent extraction .The glycerol test was not dried. 
 

4.b.The alcohol precipitation yield: 

The alcoholic precipitation yield of all juice extracts was measured by weighting of 

the precipitation of juice extract after adding 2-propanol and drying in freeze drier 

(table 8 and fig 16). 

The alcohol precipitation of all 6 tests in temperature 80°C and PH of 2 and time of 

2 hour is shown in table 18.Ranging of 32% to 63% of dry material (w/w). The 

highest yield was for Sodium polyphosphate test and the lowest one was for EDTA 

test. The glycerol test was not dried in freeze drier, the precipitation was wet. 

According to this test extraction with sodium polyphosphate can increase the yield of 

alcohol precipitation about 23 % more in compare to extraction without this reagent. 
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Fig 16) The alcohol precipitation yield in extraction with reagent 

 

4.c Galacturonic acid content: 

The Galacturonic content of all 6 tests is shown in fig 17. 
 

 
Fig 17) Galacturonic acid content of the extracted juice after diluting precipitation of 15 ml of it 

to 1000 ml 
 

The purpose of this test was investigation of different reagent in the extraction of 

pectin from orange peel, and according to this data Sodium polyphosphate can play an 

important role in pectin extraction by increasing the dry galactronic content about 7 % 
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in compare with extraction without this reagent. Adding sodium chloride also can 

increase it about 5% also. 
 

Table8) Juice extraction yield (total solid), alcoholic precipitation yield and galacturonic acid 

content in extraction with reagent 
Reagent Juice 

extraction 
yield(Total 
solid ) 
%(w/w) 

Alcoholic 
precipitation 

yield Dry 
material 
%(w/w) 

Conc. 
of 

GA 
μg/ml 

Conc. of 
GA 

%w/w 
dry 

material 
Sodium chloride   66.3 46.6 40.2 17.6 
Sodium polyphosphate 74.4 63.3 49.3 21.5 
Ammonium sulphate 67.6 43.6 13.4 5.8 
EDTA 54.9 32.1 19.0 8.31 
Without reagent 52.5 39.8 33.70 14.7 

 

5.Comparison the Precipitation power of acetone, ethanol and 2-propanol 

An extra test was run to compare the power of acetone, propanol and ethanol in 

pectin precipitation. 
 

5.a.The alcohol precipitation yield: 
 

The weight of alcohol precipitation with acetone propanol and ethanol is listed in 

table 9 .Ranging of 39.8% to 41.8% of dry material (w/w). The highest yield was for 

ethanol and the lowest one was for 2-propanole. Therefore, ethanol precipitation yield 

is about 2 % more than 2-propanol and 1 % more than acetone. Because of the weight 

of salts in the precipitation the dry material yield can not be compare with other 

precipitations. 
 

5.b. The Galacturonic acid content: 

The Galactronic content of all 6tests in temperature 80C and PH of 2 and time of 2 

hour is shown in table 9 and fig 18. Ranging between 33 to 40ug per milliliter and 

14,7 to 17,7 galacturonic acid % w/w to dry material. The highest galacturonic acid 

content was for ethanol with NaCl and the lowest one was for propanol. The CaCl test 

was not solving in water.  
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Fig 18) Galacturonic acid content of the extracted juice after diluting precipitation of 15 ml of it 

to 1000 ml 

 

Table 9) Alcoholic precipitation yield and galacturonic acid content in precipitation test 
precipitation test Alcoholic 

precipitation 
yield Dry 

material %(w/w)

Conc. of GA 
μg/ml 

Conc. of GA 
%w/w 

dry material 

2-propanol 39.8 33.7 14.7 
acetone 40.3 38.3 16.7 
ethanol 41.8 39.2 17.1 

2-propanol+Nacl 60.9 34.7 15.2 
acetone+Nacl 65.1 38.4 16.8 
ethanol+Nacl 66.5 40.6 17.7 

2-propanol+Cacl 66.3 - - 
aceton+Cacl 72.2 - - 
ethanol+Cacl 71.0 - - 

 

6. Comparison between carbazole method and meta-hydroxy-diphenyl 

method: 

6.a. Making standard solution: 

After making Galacturonic acid (GA) standard solutions and running the test 

according to description page 25 the down result was obtained (Table 10 and Fig 19). 
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Table 10) M-hydroxyl method standard curve: 

Concentration of std 
solution GA ug /ml Absorbance 

20  0.248 

40  0.536 

60  0.798 

80  1.161 

100  1.464 

 

 

Fig 19) Standard curve for M-hydroxyl method(X:absorbance,Y : galacturonic acid 

concentration μg /ml) 

6.b. Carbazole method standard curve: 

After making standard solution in a similar method as described for M-hydroxyl 

method, use the GA solution as sample (Table 11, 12 and Fig 20, 21). 
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1. Carbazole method standard curve (test in 100 °C for 10 min.). 

Table 11) Carbazole  method standard curve (test in 100 °C for 10 min.): 

Concentration of std 
solution GA μg /ml Absorbance 

20 0.109 

40 0.137 

60 0.172 

80 0.278 

100 0.341 

 

 

2. Carbazole method standard curve (test in 85 °C for 5 min.) 

Table 12)Carbazole method standard curve (test in 85 °C for 5 min.) 

Concentration of std 
solution GA μg /ml Absorbance 

20 0.086 

40 0.188 

60 0.259 

80 0.315 

100 0.561 
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Fig 20) Standard curve for Carbazole method, test in 100 °C for 10 

min.(X:absorbance,Y : galacturonic acid concentration μ g /ml) 
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Fig 21) Standard curve for Carbazole method, test in 85 °C for 5 min. (X:absorbance,Y : 
galacturonic acid concentration μ g /ml) 

As can be seen the standard curve for meta-hydroxy-diphenyl method is more 

accurate than carbazole method see Spectroscopic Methods part, for other advantage 

of meta-hydroxy-diphenyl method to carbazole method. After adjusting the standard 

curve for both methods, pectin sample was tested according the method described 

before and the down result was obtained (Table 13). 

Table 13) Comparison between carbazole method and meta-hydroxy-diphenyl method 

Method 
Absorbance of pectin 

sample 
Concentration of GA 

ug /ml 
Carbazole 85 C 0.132 31 
Carbazole 100 C 0.141 36 

M-hydroxi method 0.505 38 

According to this data, in a solution of 50 μg /ml pectin, 38 μg /ml galacturonic acid 

is obtained by using M-hydroxi method and 31 and 36 μg /ml galacturonic acid is 

obtained for 85 and 100 °C in carbazole method. Therefore, by using carbazole 

method in 100 °C the result is more similar to M-hydroxi method. 
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Some important tips about using this method: 

Using these methods for analyzing galacturonic acid content had some difficulties in 

initial experiments. I.e. the result was different for same sample about 5 to 20 %. 

After different test with this methods ,about 100 tests, for optimization of it ,it is 

noticed if shake the tubes in a different manner ,after adding reagent the absorbent of 

one sample is not the same in different tests. The result would be different about 5 to 

20 percent .Therefore, all the sample should be vortexes in a same style and time. In 

this work, 1 min vortex is done for every sample after adding reagent. 

Cooling time in all tests should be the same if a sample is tested with different 

cooling time for example first time 10 min and second time 5 min the result would be 

different about 5 to 10 percent. In this work, 5 min cooling time is taken for every 

sample after removing from boiling water bath. 

 Sample should be seen completely clear .If there is any small suspended particle in a 

sample; the result of the test would be different for same sample. 

7. Testing the galacturonic acid content of dried 2- propanol precipitation 

material and dried total solid in juice extract 

After drying the propanol precipitation and juice extract in freeze drier one test was 

performed in order to find the galacturonic acid content of this dried material. 

According to this test after 2 hours extraction in 80°C in pH 2 see page 19, and drying 

in freeze drier, 0.05 g of the above mention material was weighted and make a 

solution with distillated water in 500 ml volumetric balloon and put on rotor over 

night, then filtrate with filter paper (11 μm) and tested with M-hydroxi method (Table 

14). 

Table 14) Testing the galacturonic acid content of dried 2- propanol precipitation material and 

dried total solid in juice extract 

Material 
Absorbance 
(± 0.020A) 

GA 
content 
μg /ml 

GA content w/w % to 
dry material 

Alchoholic precipitation 0.585 24.6 24.6 

Juice extractin yield (TS) 0.460 19.5 19.5 

According to this data the galacturonic acid content of dried alcohol precipitation 

material is 4 percent more than dried juice extract (TS). Therefore, by washing the 
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juice extract with 2- propanol the purity of galacturonic acid become about 5 percent 

more. 

 

Discussion: 

1. Preparation and purification of pectin substance in the laboratory 

A detailed discussion of the method used for the extraction and purification of 

pectic substances is important since such procedures are necessarily involved in 

studding their composition, structure and properties. On the following pages methods 

will be present for the separation with a reasonable purity of the pectic substances 

from orange peel. While these methods are often similar to those used in the 

quantitative determination and commercial-scale production of the pectic materials, 

maximizing yield and cost involved in the preparation will be overlooked in the 

present discussion. The method of commercial production is discussed in introduction 

part. 
In the commercial production of pectic materials a reasonable balance between 

desirable purity and cost of purification will have to be maintained and therefore such 

preparations at times contain a considerable proportion of nonpectic components. 

Even in the laboratory preparation of a pectic substance is important whether the 

object is quantitative estimation or rather purification of the product. It is often 

necessary to obtain pectic preparations which will not change during the investigation. 

For this purpose it seems the best way is the preparation of the pectic substances in 

the form of dry powders which have been found to show little decline during storage. 

In order to preserve the dry powder for a period of time to use in different tests is 

better to think for inactivation of some natural enzyme such as pectinase. There are 

some methods used for this purpose by researchers such as using hot water or other 

solvent in different times. For this work using boiling propanol for pretreatment of 

peel was used firstly and then the material is allowed to stand in fresh 95% propanol 

over night. A preliminary treatment of the plant material with alcohol is favored by 

most workers. Such extraction of the finely ground tissues with 95%propanol will 

remove sugars, some acids, and many other components like enzymes If there is any 

possibility that the tissue contains enzymes which act upon pectic substances. 
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2.Extraction: 

The extraction procedure is the most important process for getting pectin from 

pectin substances. Pectin may be extracted from the pectin substances by different 

methods such as: hot water or buffer solutions, cold and/or hot solutions of chelating 

agents, hot diluted acids, and cold diluted sodium hydroxide or by microwave tools 

and enzymes. 

Protopectin is the source of pectin in the plant tissue. The classical definition, define 

protopectin as the water insoluble parent pectic substance which accurse in plants. 

Therefore, the separation of protopectin from pectinic and pectic acids must be 

undertaken on the basis of this differential solubility in water. There is now no general 

agreement on the methods which should be applied for the removal of the soluble 

components from plant tissues and preparations during the course of separating the 

protopectin from the more soluble pectinic and pectic acids. Actually, in the majority 

of cases it is not possible to reach a stage where no further soluble pectic substance is 

removed, since apparently even cold water effects extremely slow but continuous 

hydrolysis (solubilization) of protopectin. Therefore the proportion of solvent used, 

particle size of the plant tissue, presence of other colloids and electrolytes, and 

duration and temperature of treatment will determine the yield of extraction and the 

purity of it25. 

The condition of the plant tissue is very important during extraction process. 

Generally speaking, the sample should be finely ground to assure successful extraction. 

The efficiency of both solubilization and actual dissolution is greatly enhanced when 

the tissue consists of fine particles. On the other hand, the difficulties of separation 

increase considerably as the particles become smaller. In the preparation of research 

samples much more thorough grinding can be afforded than in commercial 

production. 

The separation of the extract from the tissue in the case of finely ground plant 

material is best accomplished by a high speed centrifuge, followed by filtration 

through filter paper. One important benefit of fine grinding is much more rapid 

extraction of the pectinic acids, necessitate shorter exposure to the influence of heat, 

acid, or other chemicals25.See also page 16 for additional information about extraction 

methods and discussion. 
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3. Preparation of pectinic acid in solid form 

There are several methods which may be applied for the preparation of solid pectinic 

acids from solution. Some of these, such as direct drying under various conditions, do 

not effect any additional purification, while others, such as precipitation with ethanol, 

propanol or as metallic salts, may remove much of the mixed nonpectic substances as 

well as certain pectic fractions. 

1. Direct Drying (Evaporation) 

The evaporation of water is obviously the simplest method of obtaining a solid 

preparation from a solution. This method has several drawbacks. First of all, 

evaporation usually involves the application of heat and heat is to be avoided as much 

as possible during the protective preparation of pectinic acid. A second difficulty is 

that, unless the evaporation is performed with vigorous stirring, a leathery, jell like 

layer often occurs on the surface as the solution is concentrated, this is especially 

common with highly viscous solutions of pectinic acid. Such layers might interfere with 

further evaporation. The occurrence of such semisolid masses can also be observed on 

the wall of vessel in which the agitated solution is evaporated. For this reason is 

important to evaporate pectinic acid solution s in thin layers.In this laboratory work 

direct drying is done by freeze drier. 
 

3.a. Precipitation with alcohols (Ethanol and propanol)  

Ethanol has been generally used for the preparation of solid pectinic acid. It is now 

clear that the attempts of investigators to use a high concentration of ethanol for the 

precipitation of pectinic acids did not improve purity but, on the contrary, caused the 

simultaneous precipitation of other materials, especially hemicelluloses. A final 

concentration of 55 % ethanol in the mixture has been found quite suitable for the 

precipitation of pectinic acids .Unfortunately, the insolubility of pectinic acids in 

ethanol and propanol is shared by many other organic substances commonly found 

in plant tissues and fruit extracts The most important of these are hemicelluloses and 

the calcium and potassium salts of fruit acids.  
The flocculation of pectinic acids by ethanol depends on the presence of traces of 

electrolytes because in their absence the pectinic acid particles might remain colloidally 
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dispersed. As said before pectin is extracted from protopectin in the plant tissue and in 

the structure of protopectin presence of some calcium bonds is noticed. 

In this work adding a small amount of metallic salt was investigated for better 

precipitation of soluble pectin material in alcoholic solutions. Pectin solubility also 

depends on the pH, it is noticed that the best pH for precipitation is 3.5. 

The pectin purity can increase by repeating the alcoholic washing of solid material but 

the most fraction, 85 %, will be removed in first washing. 

In commercial scale of pectin production propanol is economically preferable to 

ethanol. 

In this work the precipitation is done by 2- propanol. A comparison between ethanol 

and 2-propanol is done also to find the difference between this two. 
 

3.b. Precipitation with Acetone 

Acetone, similarly to ethanol, precipitates pectinic acids from solutions some 

authors prefer acetone to ethanol because the former gives a firmer coagulum and is 

easier to recover. However, acetone must be used at a lower concentration than 

ethanol because at higher strengths it precipitates more non pectic materials than does 

ethanol. 
 

3.c. Precipitation with metallic salts 

This method was developed for the commercial preparation of citrus pectin, but it 

may be applied equally well to pectinic acids derived from other sources and to 

laboratory samples. The pectinic acid is precipitated from a clear solution with a 

colloidal agent having the opposite charge, usually aluminum hydroxide. It has been 

claimed that the method is purely a case of co precipitation caused by neutralization 

of particle charges, while others maintain that during the precipitation, salt formation 

occurs. In this work precipitation with ethanol, 2-propanol and acetone with an 

investigation of the effect of metallic salt to precipitation process was examined as is 

described. 
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Analysis: 

A detailed discussion on different methods of pectin analysis is important because 

all the result is under effect of this test. It is tried to collect all possible methods of 

pectin analysis in following pages in addition a brief introduction of them and then 

suggest the best one. 

 

1. Detection of pectin 

The detection of pectin is based primarily on the chemistry of galacturonic acid. 

Pectin is usually first isolated from most of the congeneric substances occurring in 

crude plant extracts and formulated foods, then purified, before being subjected to 

confirmative tests involving decarboxylation and chromophore formation. Some tests 

are based on the incompatibility of pectin with organic solvents49. 
 

a. Precipitation 

The alcohol insolubility of pectin has been developed into a test for traces of pectin 

in fruit Juices. A positive reaction is indicated by the development of a stringy, 

gelatinous deposit. 

b. Chromophore Formation 

In histological testing, pectin may be distinguished from surrounding nonpectin 

material by staining with ruthenium red (ammoniated ruthenium oxychloride). A 

positive test is evidenced by the typical pink color (pectin) on a gray background 

(lignin and cellulose).50

Differential staining (in leaf sections) was accomplished with alkaline NH2OH-FeCl3 
51. The reaction converts pectin carboxyl groups to hydroxamic acids, resulting in 

water-insoluble, red complexes in excess Fe(UI). The test is specific for pectin.  

Carbazole (diphenyleneinaine) is the basis of a test for pectin in dark fruit juices in 

which development of a red color denotes a positive reaction, and a pink-to-light-red 

color, a pectin concentration less than 0.02% .52

Many other reagents that form chromophores with hexuronic acids 53 are applicable 

to pectin, but given the nonspecificity of most of them, independent confirmation is 

warranted.  
 

c. Decarboxylation 
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A vigorous evolution of CO2 and appearance of a pentose derivative, notably 

furfural, resulting from the action of strong mineral acids and heat on plant material, 

is claimed to be a good indication of the presence of uronic acids. If the temperature is 

100°C or less, CO2 generation from interfering hcxoses is retarded. This 

decarboxylation of pectin is considered to be quantitatively more accurate than are 

colorimctric methods, because the procedure is less prone to errors. There are, 

however, the disadvantages of tediousness and the requirement of large sample size 

and complex apparatus54. 
 

2. Ultraviolet Absorption 

Reaction with H2S04 causes neutral sugars to display an absorption maximum at 315 

nm, whereas the absorption maximum for galacturonic acid is in the area of 298 nm. 

arranged absorption data from this region of the spectrum into a quotient, obtaining 

Eq = E2WE315 =1.20 for pure galacturonic acid, and 0.42 for glucose, and through 

these numbers, monitored the increasing homogeneity of pectin in eluate from a gel 

column. 
 

3. Electrical Methods  

Pectin migrates in an electrical field toward the anode at a rate in proportion to its 

charge density.55 developed an electrophoretic method for the quantitative and qualitative 

determination of gelling and thickening agents including pectin. These transport methods 

of analysis offer an economy of time without sacrificing precision and accuracy; the 

necessary apparatuses mutt, however, is available. 
 

4. Spectroscopic Methods  

Some methods of pectin analysis exploit the very intense coloration developed with 

chromogenic, carbohydrate reagents. Other methods rely on the polyionic character of 

pectin, and still others, on its colloidal behavior.  

a. Colorimetry and Spectrophotometry 

These methods first require that the sugar monomer, specifically uronic acid, be 

chemically dehydrated, and the anhydrosugar species be combined with a chro-

mogen. 53

The quantitative determination of isolated pectins is most commonly made by an 

improved carbazole or a meta-hydroxydiphenyl56 the precision of the methods is 
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high. Greater sensitivity and specificity are attributed to the Meta -hydroxydiphenyl 

method. The determinations are subject to interference from other carbohydrates. 

The carbazole method apparently suffers from the additional limitation of giving 

high results in the presence of phenolic impurities. 57Using meta-hydroxydiphenyl, 

estimated that the absorbance due to 100 parts of nonuronide carbohydrates was 

equivalent to that from one part of galacturonic acid. The addition of borate ions to 

the carbazole-H2S04 reagent reduces the interference and provides other 

advantages58. Urea also reduces the interference. The meta-hydroxydiphenyl 

method is claimed to have the advantage of speed of execution. Automated 

carbazole analyses were performed at a rate of 10 samples per hour 59, while the 

automated meta-hydroxydiphenyl analysis rate was 15 samples per hour. In this 

work analysis of pectin is done by these two methods, because of accuracy and 

simplicity of these tests. They are used routinely in pectin analysis in commercial 

stage. They need some correction to use which tried to solve this problem with 

them and have a comparison between them for using in this kind of laboratory 

analysis. 

Another reagent used in pectin analysis is 2-thiobarbituric acid. The color 

reaction is preceded by decarboxylation and dehydration of galacturonic acid. The 

rates of decarboxylation and dehydration are relatively faster than for a number of 

possibly interfering carbohydrates, and may consequently be used to determine 

pectin in the presence of other uronifc compounds. The method's sensitivity 

depends on the sequence of reagent additions 60. 

Because of accuracy and sensitivity of these tests in this work analysis of pectin is 

done by these two methods. 

b. circular-Dichroism Spectroscopy 

This method has been adapted to studying intra- and inter-molecular associations of 

pectin 61.  

 

c. Infrared Spectroscopy 

This method has occasionally been used in the quantitative analysis of pectin, but 

given the very sensitive spectrophotometer methods available, it is preferably 

adapted to compositional and structural studies involving, for example, the car-

boxyl function and associated hydrogen bonding in the range of the CO stretching 
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vibrations. To the extent that introduction and withdrawal of methyl groups, into 

and out of the galacturonan, disrupt intra- and intermolecular bonding, shifts in the 

absorption band positions can be correlated with structural modifications. The 

method is claimed to be capable of differentiating between secondary and tertiary 

pectin structures 62. 
 

d. Nuclear Magnetic Resonance Spectroscopy 

This method offers a means of directly measuring structure, conformation, and 

concentration. I3C-NMR signals relating to some polysaccharide structures have 

been published 63. 
 

5. Chromatographic Methods  

Ion-Exchange Chromatography  

Pectin substances, given their negative charge, are particularly amenable to 

isolation and fractionation on cationic adsorbents conventionally held in the 

geometry of a column, permitting the neutral fraction to pass through without 

interaction in the usually acidic solvent. With increasing ionic strength and pH, the 

polyanions elute in order of their relative charge density from the lowest to the 

highest. The resolving power of this technique was demonstrated by Knee64. 

Gel chromatography, High-Performance Liquid Chromatography HPLC65, Thin-

Layer Chromatography, Gas Chromatography-Mass Spectrometry, membrane 

osmometry66, Are other possible method in chromatography which can be used for 

pectin analysis but they are not know as a perfect method for routine and accurate 

pectin analysis by different workers in this field. 
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Chapter 4: Conclusion 
 

In this work, an investigation to find new method of extraction of pectin from 

orange peel with shortening time of extraction was carried out. Pectin was extracted 

from dried orange peel at higher temperature by employing stainless steel reactor but 

without stirring. In this investigation the effect of extraction conditions (temperature: 

120, 150, 200 °C; extraction time: 5, 15, 30 min) with sulphuric acid, on the yield and 

purity of citrus pectin was performed. The alcohol precipitate yields varied from 0 to 

23% of dry material (w/w) and the juice extraction yield varied from 0 to 58 % of dry 

material (w/w), the highest yield of alcohol precipitate and the juice extract was 

observed after extraction at 120°C for 30 min and at 150° C  for 15 min respectively. 

The highest yield of galacturonic acid was observed at 150°C after 15 min of 

extraction. 

In this method the galacturonic acid content yield is 1 to 3 in compare to pervious 

extractions but the advantage was excellent saving of time, from 2 hours to 5-15min. 

The shortest time of extraction in compare to galacturonic acid and the alcohol 

precipitate and juice extract yield was observed after 5 min of extraction in 

200°C.With available equipment it was not possible to agitate the extract during 

extraction but if it would possible, the pectin and galacturonic acid content yield could 

be increased by 2 time see reference25.

In addition, optimizing other methods of extraction and analyzing of pectin was 

performed by testing effecting factor such as PH, retention time and temperature and 

type of acid. 

It was noticed for optimizing, analyze methods, if the entire samples are not vortex 

exactly in a same style and time the result would be different for same sample. In this 

work, 1 min vortex is done for every sample after adding reagent. 

Cooling time before reading the color, in all tests should be same, if a sample tested 

with different cooling time for example first time 10 min and second time 5 min the 

result would be different about 5 to 10 percent. It was observed, the best routine 

method for analyzing pectin is meta-hydroxy-diphenyl method. 

In Comparison the precipitation power of 2-propanol, acetone and ethanol, the 

galacturonic acid to dry material content yields, was observed 14,7 -16,8- 17,1 % w/w 

respectively. 
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In Extraction with acid and reagents, was observed that Sodium polyphosphate can 

play an important role in pectin extraction by increasing the dry galactronic content 

about 7 % in compare with extraction without this reagent.  

In sulphuric acid test, the alcohol precipitation yields and the galacturonic acid 

content varied from 35.6 % to 46% and 10.3 % to 17.3% of dry material (w/w) 

respectively. At pH 1.5, The alcohol precipitate and dry material content yields were 

higher than those obtained at pH 2 in despite of the galacturonic acid purity .In 

temperature of 90° C the alcohol precipitate yield and dry material content was higher 

than 80° C but the galacturonic acid content was higher in 80 than 90°C. The highest 

yield of galacturonic acid was observed in PH 2 in 80°C and after 3 hours of 

extraction. 

In Hydrochloric acid test the alcohol precipitation yields and the galacturonic acid 

content varied from 34% to 50% and 10.9 to 19.2 of dry material (w/w) respectively. 

Same as sulphuric acid test, at pH 1.5, the alcohol precipitate and dry material content 

yields were higher than those obtained at pH 2 in despite of the galacturonic acid 

purity. In temperature of 90°C, the alcohol precipitate yield and dry material content 

and galacturonic acid content, was higher than 80°C. 

The highest yield of galacturonic acid was observed in PH 2 in 90°C and after 2 

hours of extraction in this test. 

Overall, hydrochloric acid extraction method can lead to higher pectin and 

galacturonic acid content than sulphuric acid extraction .But there is some advantage 

for sulphuric acid extraction such as the blanching factor of this acid and stability of it 

in compare to hydrochloric acid which is evaporative. 

 
Future works: 
 

As feature works, it could be suggested to extract pectin in high temperature by 

string, since in this work string was not performed at higher temperatures. Extraction 

by help of other reagents and acids can be examined also. Other solvents could be 

used to test their power in pectin precipitation. 

For analyzing part, finding new methods for galacturonic acid determination and 

quantification may be a good idea; since present methods are long and dangerous, 

specially working with concentrated sulphuric acids as a basic procedure. 
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