
lOT l"" 

. A PROCESS VARI ABLE STUDY 

OF APPLE PECTIN EXTRACTION 

by 

E. AYCa Dereboylu 

; 
i 

..... ---.... .".~ ..... ' . 

B.S. ~n Ch.E., Bo~azici University, 1982: 

Submitted to the Institude for GraduateStudes in 

Science and Engineering in partial fulfillment of 

the requirements for the degree of 

Master of Science 

in 

Chemical Engineering 
'\ 

Bogazici University Library 

i 111111111111111111111111111111111111111 ~ ; 
39001100314460 

) 

Bo~azici University 

1985 



APPROVED BY: 

fA PROCESS VARIABLE STUDY'! 
OF APPLE PECTIN EXTRACTION 

Do~. Dr. Oner Horta~su '~~4-r----------
(Thesis Supervisor) 

Do~. Dr. Haluk Arlcan 

(Second Supervisor) 

Do~. Dr. !lsen Onsan 

DATE OF APPROVAL: 



iii 

.' ACKNOWLEDGEMENT 

I would like to thank to my thesis supervisors Dog.Dr. 

C5ner Hortac;su and Doc;.Dr. Haluk Ar~can for their guidance and 

encouragemen1;-.they gave me throughout my study. 

I also want to express my thanks to Dog.Dr. Fahir 

Borak, the Chairman of Chemical Engineering Department, and 

to the Chemical Engineeringpepartment for the financial 

contribution to complete this work. 

I wish to thank to the members of Tubitak G~da Unitesi 

for their help in preparing the apple pomace and to the quality 

analysis laboratory of ibrahim Ethem Ulagay Kimya Evi T.A.~ •. 

who provided me the pectin s.ample for· the analyses. 

My special thanks go to my friends for their help, 

support and friendship they gave me during this work. 

·E.AY~A DEREBOYLU 

182936 , I 



iv 

. ABSTRACT 

Dried Amasya apple pomace was used for extraction 

of 'apple pectin in this process variable study. Process 

variables of the extraction process were chosen as 

extraction temperature, duratio'n of the extraction and 

acidity ~f the extraction medium. The effect of these 

variables on the yield and quality of pectin obtained 

were studied. To determine the quality of pectins their 

equivalent weights and methylester contents were measured. 

by titrating 0.5 per cent water solutions of pectins 

obtained with dilute alkali. Using the titration results 

total anhy~oumnic acid contents of pectins were calcul-

ated. Absolute viscosities of one per cent water solutions 

of pectins obtained were measured. The results showed that 

pect:in yield increased wit1;l time and temperature. It was 

seen that yield increase was directly related to the 

extraction time and the temperature effect was similar in 

all levels studied. The anhydrouronic acid content·of 

pectins increased with temperature. The methylester content 

of pectins- showed similar behaviour. as anhydrouronic acid 

. , , , 



content'. The constant temperature lines crossed each.~other 

near 750 C - 45 min point. At lower temperatures p~ctins 

with higher degree of esterification were obtained. The 

results showed also that pectin yield increased with 

increasing acidity. Anhydrouronic acid content was 

highest acidity and pectin with lowermethylester 

content was obtained. Degree of esterification of 

pectins extracted increased with decreasing acidity 

of extraction medium. Experimehtal runs ,showed deviations 

from the literature as a result of the clqrification 

problem. 
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DZET 

Bu qa11~mada kurutulmu~ Amasya elmasi posas1ndan elma 

pektini ekstraksiyonuna slireq degi~kenlerinin etkileri incelen-' 

mi~tir. Ekstraksiyon .i~leminin slireq degi/ilkenler"i olarak seqilen 

ekstraksiyon s1cak11g1 60 C-90 C aras1nda, ekstraksiyon sliresi 

30 dak-60 dak aras1nda ve ekstraksiyon ortam1n1n,pH's1 

2.0-3.0 aras1nda degi~tirilmi/il ve bu degi~kenlerin elde edilen 

pektinlerin verimi ve ~ali tesi lizerindeki etkileri incelenmi/iltir., 

Elde edilen pektinlerin kalitesini tesbit etmek i~in e~deger 

ag1r11klar1 ve metilester miktarlar1 pektinlerin ylizde 0.5'lik 

su ~ozeltilerinin seyreltilmi/il alkali qozeltisiyle'sabunla~t1rma 

metoduyla olqlilmli~tlir. Sabunla~t1rma sonuqlar1ndan yaralanarak 

pektinlerin toplam anhidrouronik asit miktarlar1 ve esterle~me 

der,eceleri hesaplanm1/il,t1r. Pektinlerin ylizde"birlik su 

qozeltilerinin mutlak viskositeleri olqlilmli~tlir. Sonu~lar 
., . 

pektin veriminin ekstraksiyon'sicak11g1" zaman1 ve pH's1yla 
. , 

artt1g1n1 gostermi~tir. Bu qa11~mada kuru elinadan elde edilen 

pektin verimi ylizde 6.'0-12.0 aras1nda degi~mi~tir., Elde edilen . . 

pektinlerin anhidrouronik asit miktarlar1 ekstraksiyon s1cak-

11g1 ve pH's1yla artma gostermektedir veesterle~me dereceleri 
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de ekstraksiyon sl.cakll.gl.nl.n ve ortanll.n asidetisinindU9mesiyle 

artmaktadl.r. Bu s:al1.9ma ·.sonucunda dU9Uk metilesterli pek-tinler 

elde edilmi9tir. 
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I. lNTRODUCTION 

Pectin is a complex polysaccharide occuring in 

higher plants and is an import~ntand powerfull gelling 

agent used essentially in the manufacture of fruit 

jellies, jams and marmalades. Besides there are many 

other suggested applications such as emulsifying and 

suspending agent for particulate materials and it has 

also many pharmaceutical applications'. Pectin acts as 

~he intracellular cement of cell wall tissue holding 

the adjacent cells.together, maintaining the proper 

dehydration of the young growing cells, offering winter 

hardiness to plant and providing the fruit firmness. 

I 

Pectin is obtained from plant material by extracting 

with hot acidulated water. The main industrial raw mater

ials for pectin are apple po~ace and citrus peel. It is 

either recovered from the extract by precipitation and 

marketed in powder form or the extract is concentrated 

and used in liquid form. 

In Europe and in the United. States the manufacture 

of pectin is well established since the second decade of 



the twentieth century and it is usually carried out by 

large apple and citrus juice producers whose by-products 

are used as raw materials for the manufacture of pectin 

before they are consumed for cattle feed. In Turkey all 

of the pectin consumed is imported and it is largely 

consumed in food and pharmaceutical industries. According 

to the market survey done in 1983 the average importation 

of'ten years was 18.5tons pectin/year and the selling 

price of pectin was 5.8 $Jkg in 1983 (Design Project, 

Chern. Eng. Dept., Bo. Univ, 1~84). 

In this work pectin was extracted from dry. ....... ::)" 

2 

apple pomace in hot water acidified with hydrochloric 

acid. The aim was to investigate the effects of extraction 

time, extraction temperature and acidity of the extraction 

medium on the yield and quality of pectin obtained. 

Methylester and anhydrouronic acid contents of the dried 

end-product were determined. The viscosities of the pectin 

solutions at constant pH and at 25 0 C were measured in an 

effort to relate the pectin quality to easily determinable 

industrial quality control of gelling power. 
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II. LITERATURE SURVEY 

A. CHEMICAL STRUCTURE AND PROPERTIES OF PECTIN 

Pectic substances, in combination with cellulose, 

are responsible for the structural properties of fruits 

and vegatables. They are located in, the middle lamella 

and in the primary cell wall of the plants and serve to 

cement cells to each other. 

According to the nomenclature published by the 

Agricultural and Food Chemistry Division of ~he American 

Society in 1944 (Kertesz, et. al. 1944) the pectic 

substances are divided into three groups : 

1. Prot~pectin: Pectic substances occur predominantly 

in the. form of water-insoluble protopection during the 

early stages of growth in plants. During ripening it'is 

transformed into water-soluble pectin. This transformation 

1,eads to the softening of the tissue in many plants. 

, i 



2. Pectinic acids They are colloidal water-

soluble polygalacturonic acids partially esterified with 

methanol and are called pectins 'shortly.' Under suitable 

conditions they can form gels with sugars and acids or 

with certain metallic. ions. This property makes'pectinic 

acid the most useful of pectic substances. 

4 

3. Pectic acids: This term is applied to the 

collbidal polygalacturonic acids containing non~esterified 

carboxyl groups. 

Polygalacturonic acid, the ,main constituent of 

pectin molecule, is a polysaccharide and also called 

galacturonan.lt is build up from D-galacfuronic acid 

units connected together by a-l,4 glycosidic linkages 

forming long, chain-like, linear polymers .. Unesterified 

carboxyl groups are either free acids or neutralized 

with cations. Fig.l shows a part of a polygalacturonic 

acid molecule esterified with methanol and cross-linked 

through a polyvalent cation (Ca). 

Pectin is a complex polysaccharide consisting of 

two other· polysaccharides besides galacturonan :arabinan 

and galactan (Frank et.al., 1,967). Galacturonan .. methylester 

is responsible for ,the gelling property of pectin;._ 
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COOH H COOCH3 ' 

;--0 0 0 0-

H OH COO, OH 

H OH cocf° H OH 

'-0 0 0 0-

H OH 

Fig.l. A part of a polygalacturonic acid molecule 

(Nagy, et. al. 1977). 

As an important portion of arabinan and galactan 

is attached to the galacturonan chain by esterlinkages 

complete 'separation of them is very difficult to achieve 

without degrading the pectin molecule. The composition 

of pectin varies with its source fruit and the conditions 

used in its extraction. Besides methylester groups some 

pectins contain esterified acetic acid units. 

Commercially, pectinic acids are classified 

according to the amount of methylester groups they contain. 

Degree of esterification, DE, the ratio of methoxylated 

galacturonic acid groups to total galacturonic acid f 

groups, influences especially the solubility and gelation 

, , , , 



16 

14 

r-I 12 
!>i 
~ 
o 
.c: 10 . 
.jJ 
Q) 

~ 

.jJ 
s:: 

8 

Q) 6 
u 
!-l 
Q) 

Pl 4 

2-

6 

properties of pectin. The highest DE that can be achi-

eved by extraction of natural raw material is about 75 

per cent. 

16.32 % Completely Esterified Polygalacturonide 

l~t~ ~~: ~~!on ~s ~~i~C:llY fX'SS~le - ~:o 
s:: 
o 

or-! 

PECTIN 
. HIGH 

MEXTHOXYL 
. PECI'IN 

PECI'INIC.ACID 

80 .jJ 
cO 
u 

70 ,';;j 
"or-! 

60 !-l 
" Q) 

." .jJ 

50 (f) 

- - - - ...:. < lower Limit" .1-0£ pectin '"N :E'-:- - .-:-
Tb is tenn is correct I:iI 
~---------- "'.jJ 

only if t:'Ilesterified 40 @ 

lDiJ MEI'HOXYL 
OR 

LOlt~ ESTER 
PECTI!'~ 

carboxyl groups are 1-30 _. ~ 
free . Q) 

Pl 

10 

o Pectic acid or Pectates 

'pig. 2 Classification of pectin {Joseph, 1953) 

As shown in Fig.2 pectins may be grouped as high 

ester or high methoxyl (HM) and low ester or low methoxyl 

(LM) pectins. The two groups exhibit different gelling 

mechanisms. HM pectin will from jams and jellies with 

sugar and acid. LM pectins will form gels with small 
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quant'ities of polyvalent cations such as calcium without 

the additional soluble solLds and acids (Nagy, et.al,1977) 

B. INDUSTRIAL MANUFACTURING PROCESSES OF PECTIN 

1. RAW MATERIALS USED IN PECTIN MANUFACTURE 

The pectin content of plant materials qepends 

upon the following factors; : plant variety, plant 

tissue type and the growth period. Fruits and vegatables 

contain varying amounts of pectin. Table 1 shows the 

pectin consent of some plant materials. 

Citrus peel (lemon, lime, orange and grapefruit) 

and apple pamaceare main sources of pectin in the United 

States and in Western Europe. As sugar-beet pectin 

contains 4-6 per cent acetly groups wherea's lemon and 

apple pectins contain 0.35-0.45 per cent, it must be 

processed under strong acid conditions to reduce the 

acetyl content, because high acetyl content prevents the 

formationdE sugar-acid jellies (Frank, et. aI, 1967). 

Sugar-beet pectin is produced in Sweden and Russia on 

a limited scale. Sunflower heads contain pectin of 

high quality and they are employed in Germany, Bulgaria 

and Romania. 



Table 1. Pectin Content of Plant Materials (Fran!', et~' al,.' 1967) 

Plant material 

potatoes 

carrots 

horseradish 

tomatoes 

apple pomace 

sunflower" heads 

sugar beet pulp 

citrus peel (albedo) 

total pectin 

as percent of 

dry substance 

2.5 

10 

15 

3 

15-20 

25 

15-20 

30-35 

Flowcharts for preparing citrus fruit and apple 

or pectin manufacture are presented on Fig. 3a and 3b, 

respectively, After expression of the juice and 

extraction of ~eel oil the white inne~ rind of the 

citrus peel, called;albec1o, is ground to a suitable 

mesh size. The ground peel is washed to remove soluble 

solids such as sugars, acids, colloidal materials such 

as pigments, glycosides and finely divided materials 

produced during the cutting operation (Graham, ~t. aI" 

1953)". In this manner the quality of the final pectin 

product is improved. The washed peel is heated to a 

temperature around 90
0

C for a few minutes in order to 

prevent the pectin from enzymatic action. Prolonged 

heating above 60
0

C deterious to pectin 

, I 

8 



Ci tru.s Fruit 

Press 

Extraction 
of 
oil 

Peel 

Cutting 

washing, 
heating, 
pressing 

Drying 

Drie~ Citrus Peel 

Citrus Juice 

Citrus oil 

Fig. 3a. Preparation citrus fruit for pectin extraction 

9 
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press Apple-Juice 

wash-

Dry 

. Dried ApplePornac 

Fig. 3 b. Preparation of apple for pectin extraction 



(Nagy, et.al, 1977). Then the peel is pressed and dried 

for off-season usage. The drying temperature should not 

be higher than 900 C not to damage pectin. When the 

average moisture content of peel is reduced to about 

o 30 per cent the 'temperature should be reduced to 55 C. 

The peel should not be pried to a moisture content less 

than 10-12 per cent. (Graham, et. ~l., 1953) 

Apple pomace is prepared in the same manner as 

citrus peel. The freshly pressed apple pomace is washed. 

some water to purify it, then it is dried. Drying tem-

. .. 0 
perature may range between 65-90 C, and it is important 

to avoid overheating (Frank, et al., 1967). The finished 

pomace usually contains 4.-8 per cent moisture. 

2. INDUSTRIAL PROCESS FOR PECTIN MANUFACTURE 

The recovery of pectin from the raw material has 

three essential steps 

a. Solubilization of pectin from raw material 

b.~18rification of the pectin solution 

c. Isolation of pectin from solution 

11 

Even if the methods used at each step will change 

from one process to the other all of the industrial proc-

esses are· based on these steps. After describing each 

step generally four of the industrial process will be 

briefly surveyed. 



a. Solubilization of Pectin from Raw Material 

Commercially pectin is isolated from raw material . . 

by heating in acidulated water. The important factors in 

this extraction process are mainly the duration, the 

acid~ty and the temper?lture of the process. The amouht of 

pectin extracted increases as the extraction temperature 

and acidity increase. High acidities and high extraction 

temperatures are deterious to pectin. On the other hand, 

if .the temperature is too low, prolonged extraction time 

is required and excessive deesterification of pectin can 

occur. So the recommended range of temperature is between 

400C - 1000C, that of acidity is between 1~8-3.0 pH and 

extraction time should change between 0.5-2.0 hours. Since 

-these three factors are interdependent, the extraction 

process should be shorter in duration when temperature' 

and acidity are high. 

The amount of water used as extraction.medium effects 

the yi~ld of pectin extracted from raw material. Higher 

amount of water means higher yield, but also it means that 

a greater amount of extract must be filtered, pumped, 

concentrated or t.reated for precipitation. The amount of 

water aepends also upon the water holding capacity of 

dried raw material. 

To acidulate the water, organic and inorganic acids 

such as tartar~c, ladtic, citric, phosphorict sulfuric, 

sulfurous and hydrochloric acids may be used. 



, 
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b. Clarification of the Pectin Solution 

Immediately after the extraction the extract must 

be cooled to 600 C to arrest degradation of pectin. Then 

waste solids are sepa~~ted from the pectin liquor by 

cent~ifuging. The waste solids may be pressed and dried. 

The dried pulp can be used as an animal feed. The pectin 

liq~or is filtered to remove as much particulate matter 

as possible. 

The turbid pectin liquor is either decolorized 

with activated carbon, or afte,r reachirtg about 40 0 C the 

acidity is raised to about pH .4.5 and clarifying 

enzymes are added to hydrolyse starch and dextrines. 

After they are decomposed as judged by iodine tests, 'the 

liqu~r is quickly heated to 850 C to inactivate the enzymes 

and then cooled. In both cases the clarified liqu~r is 

filtered by using filter aids. 

The slightly colored clear pectin liq~qr·is con

centrated to between 3-5 percent at 60 0 C or below to 

prevent loss of pectin grade. This concentrated product 

is either processed in third step to produce powder pectin, 

, or it is neutralized to pH 4.0 -4.2 with sodiumcarbonate 

and filled into sterile bottle to be used in the liquid 

form. Liquid pectin is produced in small amounts for 

household use as it is easier to use since it can be 

directly applied. 
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c. Isolation of Pectin from Solution 

Two ways are mentioned in the literature to recover 

·pectin from the liquor. The widely used one is the 

precipitation with water miscible organic solvents as 

. isopropanol, ethanol, 'or isobutanol. By vigorous stirring 

pectin liquor blended with anamo~tof solvent which will 

provide a final alcohol concentration of 50-70 per cent. 

Pectin precipitate~ as a gelatinous mass. The precipitate 

is separated from the solvent mixture by pressing. Then it 

is washed with alcohol several times. 

The second method involves the heavy metal precipi-· 

tat ion process using copper sulfate or aluminum chloride 

as the precipitation agent. More commonly aluminum chloride 

is used as the heavy metal salt. In the ease of added 

aluminum chloride to pectin solution the pH should be 

adjusted by sodium carbonate. The pH region for precipitation 

varies between 3.8-4.2. The aluminum salt hydrolyses to 

aluminum hydroxide in the pectin liquor. The negative 

charged pectin coagulates with positively charged aluminum 

hydroxide to form green aluminum pectinate which floats to 

the surface. The precipitate is separated from mother 

liqu~r,' and the pectin cake is washed with acidified 

dilute alcor.olto dissolve the aluminum compound. The acid 

i:n pectin washed off wi th neutral alcohol. 

The pressed pectin is dried under vacuum at a 

o 
temperatun::not to exceed 60 c. The used alcohol and 



alcohol from vacuum oven are recovered for further use. 

These basic sieps are presented on Fii:'4. Low 

methoxyl pectins are obtained from high methoxyl -pectins 

by deesterification methods. 

15 

On Table 2 four industrial processes are summarized. 

Three of these processes are used by two well-kno~manu

facturers, namely H.P. Bulmer from England and Sunkist 

Growers from U.S.A. Two prosesses of Sunkist Growers are 

presented there, one process uses alcohol ,precipitation, 

the other one'uses heavy metal precipitation. They both 

produce 'high methoxyl,?Lnd low methoxyl pectins. Actually 

iri tiese processes pectin extraction is a batch:type 

process. They use several extraction tanks in series ,to 

provide a continous flow throughout the whole process. 

The fourth process is on pilot scale to produce low 

methoxyl pectin. This is an entirely continous type 

process. 

, I 



Raw Material 

j. 

" 

, , 

Deesterification 
(amidation or with 
acidified alcohol) 
alcohol washing 
drying 

extraction 

crude extract 

filtration 
Clarification 

refined extract 
concenbration 

/ 

(;ation 
precipitation 

p~ctinate. 
~ .. .. . 

liquid pectin ' 

Precipitation 
by alcohol 
separation 
.' ' 

Pressing 
Alcohol washing 

: ped'\:;i,n.ic ac i d ge 1 

Drying 

Hl~-pectin 

Drum drying 
or 

Spray'drying 

LM-pectin 

F:ig.4. General Flowchart of Pectin'Manufacture 

1.6 



Tabl~ 2. Summary of Different Indtistri~l Processes f6r Pectin Manufacture 

b_ ·,I-RaW Isolubilization of Pectin Fran I ~-f"'ferences, Material J__ Raw Material Cl.uific:r.tion of Pectj7' S'llutLon F lation of Pectin Fran Solution 

.:it.rus Peel, A contil'iOUs process, pariillel- ,FUst so i lI'.aterial S r teri cation operation carried 
• 'cutted into flow extraction in a st.ainless la overflow type centrifuge. Flltra- out in a batch =, in stainless 

'() ~ sliCEsjJlanched steel steam jacKeted trouhg tion is carried out in a corwentional steel tanks, provided with agitator 
~ m1d washed in a water acidified with sulfuric pla\eam frane filter press precoated to break gels. In these tanks extract 

.§ • contin::us '-OOden acid, extraction at 194"'F,with IWith filter aid. Solution is ccoled . lis treated. with mrrronia. Methylester 

I 
~ trouoah pressed retention of peel· between 20 to I1VOld degradation during &ester- groops are hydrolysed to lOI11zed 
.,: am dried. 1nin-30 min,a..Pl of 1.8-1.9, ification process by vacuum evllPOrat-lc:arl:loXYl groups. Low zrethlxyl pectin 
• ccoled to 90"'F in a forced_ lion in a cyllndr-lcalo!tainless steel is''prec~p.Ltated.with ecid, at I1Il.5. 

Iii draft evaporative cooler vacuum body to 43-58 t· Acidulated water is drained in a 
... ~ loose cloth lined reel and pectin gel U I· . . ..~. liS drained in a loose. cloth lined reel 
r. and pectin gel is washed with water 
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C. ANALYTICAL METHODS TO DETERMINE THE QUALITY OF PECTIN 

As pectin is a natural product the analytical :. 

methods used to determine the pectin quality differ from 

the methods used for synthetic products. For example as 

pectin is a polys(accharide it does not have a melting 

point, because pectin decomposes upon heating. The 

analysis and characterization of pectin should include 

some of the following determinations : 

1. Moisture content 

2. Ash content 

3. Amount of free and esterified carboxyl groups 

4. Amount of acetyl groups 

5. Viscosity measurements 

6 •. Jelly grade 

7. Setting time and temperature 

1. Moisture Content 

An entirely dry pectin product is not desirable. 

Excessive drying causes degradation of pectin and a 

comple'tely dry product would absorb moisture from 

atmosphere. A product containi,ng 10-15 per cent moisture 

is stable (Graham and Shepherd, 1953). Moisture content 

21 

of pectin is determined by drying it under vacuum between 

5-20 mm. Hg either,from four hours atl00 0 C or for 16 

o hours at 70 C (Owens, et. al., 1952). 
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2. Ash Content 

Washing pectin with acidified alcohol is desirable

before drying, so that iittleor no correction f6r ash 

is necessary. Because volatile impurities such as ammonium 

salts, some cations such as aluminum, iron and others may 

give wrong results in ash determination (Owens, et.al. 

1952). Usually ash in pectin is d~termined ~n the following 

way: The sample is ignited slowly, heated for three or 

o four hours at 600 C, cooled to room. temperature and 

weighed (Owens, et.al., 1952)., 

3. Amount of Free and Esterified Carboxyl Groups 

Besides partially esterified polygalacturonic acid 

pectin contains ten per cent or more of organic materials 

which are composed of arabinans, galactans and other 

sugars. The information on the percentage of anhydro-

galacturonic acid is necessary to determine the purity 

and the degree of esterification of pectin. For this 

determination essentially four methods are used in 

literature 

.a. eaxbazoie Method (Me Comb and Me Cready.1952) 

This is a colorimetric method. Pectin is deesterified 

in sodiumhydroxide solution. Deesterified and diluted 

pectin solution is heated in concentrated sulfuric acid. 

, I 
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Carbozo1e and ethanol are added to the cooled solution 

and the mixture is allowed to stand 'at room temperature. 
; 

The color "intensity of the mixture is determined with 

light of wave 1enght 520 m~. A standard curve prepared 

wi th ga1acturonic acid hY,drate is used to obtain the 

anhyd;rouronic acid content of the pectin sample. 

b. Decorboxylation Method~(Owens, et. al., 1952) 

The pectin sample is heated in 19 per cent hydro-

ch10ric acid solution under carbondioxide free", condi 

tions.Sodiumhydroxide is used in the absorbtion tower to 

absorb liberated carbondixoide. Excess alkali is titrated 
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with hydroch1orid acid. This amount of acid is substracted 

from the amount of acid required for" titration of a control 

standardization of the alkali and the net amount of acid 

in m1, V, is used in the calculations. 

N x V x 88 
% A.U.A = ------------- x 100 (1) 

w x 1000 

where w is amount of the pectin sample in grams. 

c. Titration Method 
-..., 

l-1ethos used by Ahmann' and Hooker (1926) and by 

Hills, et.a1. (1945) was madified by Owens, et.a1.,(1952). 

Ammonia and ash free pectins should be used in this method. 

. -: 



At first pectin solution titrated with standardized 

sOdiumhydroxide solution. The end p'oint is determined 

by using' pH meter. H~lls, et.al (194S) determined the 

neutralization point of pectinic acids to be pH 7.5. A 

titration curve of a·O.S per cent pectin solution is 

presented on Fig. 22. Using the amount of alkali consumed 

in the titratiori (VI) equivalent weight or the free ac~d 

grou~s of pectin is determined 

eq.wt = 
1000 x w 

N x VI 
(2) 
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The neu.tralized solution is used to determine the 

methylester groups. For this purpose the necessary amount 

of alkali i~ qdded to the neutralized solution for sapon

ification of pectin. Saponification is arrested with acid. 

The solution is backtitrated with alkali to the same end

point as before (pH 7.S). The amountof alkali consumed 

(V2 ) in ~1. in the back titration is' used to calculate the 

amount of methylester groups. 

% MeO = 
N x V2 x 31 

w x 1000 

x 100 

31 being the molecular weight of the -OeH3 group. 

(3)' 

Knowing the equivalent weight, methylester content 

and alkalinity of ash the amount of anhydrouronic acid 

(A.U.A.) can be evaluated(Mc Comb and Mc Cready, 1952) 



w x 1000 
z = 

N(Vl + V2 ) + milliequivalent of ash 

% A.U.A = 
176 

Z 
x'lOO (4) 

176 being the molecular weight of anhydrouronic acid. 

25 

Then degree of esterification DE is determined by (TUBTAK 

G1da Onitesi, 1973) 

176 x (% MeO) 
% DE = x 100 (5) 

31 x (% A.U.A) 

d. Zeisel Method (Hills, 1945) 

This method is used to determine the methylester 

groups more precisely.~Lere are some major disadvantages 

such as time consumed, special apparatus needed and a 

pretreatment of the pectin sample:needed~., Glycosidic 

and ether methoxyl groups are measured intheS~e,manner 

as estermethoxyl groups. 

Mc Comb and Mc Cready (1952) have compared' the 

first three methods, and they have obtained similar 

results by all methods. 

, , , 
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4. Amount of Acetyl Groups (OWens,et. aL, 1952) 

Sugar beet pectin and some other pectins contain 
I 

acet:y~. groups. Their determination involves saponification 

of pectin sample with sodiumhydroxide solution and steam 

distillation of the diJ.uted saponi'fied solution with 

magnesium sulfate- sulfuric acid mixture. This distillate 

contains acetic acid. It is titrated with alkali to a 

phenol-red end-point using V ml of alkali 

N x V x 43 
~~----------- x 100 (6) 

w x 1000 

43 being the molecular weight of acetyl (-OCCH3 ) group. 

5. Viscosi ty 

Viscosity of 'pectin solution may be determined 

for the purpose of obtaining a measure of the molecular 

weight'and evaluating the thickening effect of pectin. 

Viscosity of a pectin solution mainly depends on 

\ 'concentration, pH, salts added, size of polygalacturonic 

acid chain and temperature. Viscosity.of a pectin solution 

,:decreases as the temperature increase~. Thin pectin solut-

ions show Newtonian fluid properties, but as pectin con

centration increases, or ~hen polyvalent ions are added 

pectin solutions show pseudoplastic properties (Nagy, et •. 
I 

,al., 1977), 

i / 

, , 

,I 
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Ohn (1926, 1930) investigated the :effect of sugar, 

acid and concentration of pectin on the <jelling power of 

pectin by measuring the relative viscosities of pectin 

solutions. He showed that a relationship exists between 

the gelling power and the relative viscocity of pectin 

solutions. 

Owens et.al. (1944, 1946) examined effects of 

concentration, chqnge of pH, presence of sodium chloride 

or urea and change of temperature on the relative vis-

cosities of aqeous solutions of purified apple and citrus 

pectins.They showed that the relative viscosity is uneffec

ted by changes in pH in the rahge of 1-7 ~s the concent~ 

ration of pectin is increased above 0.5 per cent. They 

o 
stated also that changing the temperature from 0 e to 

sooe has little influence on the relative .viscosity of 

pectin solutions at concentrations below o. 05!~ per cent. 

At higher concentrations the relative viscosity decr.eases 

with the increase in temperature. 

They also deduced the shape and size of pectinic 

acid molecules from intrinsic viscosity measurements. 

[ln
c

llr J Intrin~ic viscosity is defined as II = [ 
I 

c-')'O 

where llr is the 'relative viscosity, ratio of solution 
.-._-_ .. , .... - .. --- --_ ......... _ ... -_ ........... _.- ..... __ ._--" ... '-'-._'-----'-------

yiscosity to' solvent viscosity at the some temperature 

and a is the concentration of the solution. Intrinsic 

viscosities are evaluated graphically 
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by extrapolating In ~r/C v s C data to C=O. The 

intrinsic viscosities of p~ctin solutions decrease with 

rise in temperature and are essentially independent of 

pH and methoxyl content. 

Speiser and Eddy (1946) investigated the effect 

of molecular weight on the gelling behaviour of pectin. 

, They found out that the strengths of hydrogen bonded 

gels are primarly determined by molecular weight of 

pectin, gel strengtK, increasing with increasing mole

cular weight, and independent of degree of esterification. 

The strengths of ionic bonded gels are less effected by 

molecular weight.They are strongly dependent on degree 

of esterification. 

Owens, et.al(19S2) prepared a curve, presented on 

Eig.8, using Martin's exponential equation. 

(7) 

where ~ is intrinsic viscosity, ~sp specific viscosity 

(~r-l) and C the concentration of pectin'solution is in 

g/IOO m1. (Owens, et.a1., 1946). The constant ~ is 

'dependent upon the size and shape of solution molecules • 

By preparing the Fig.8' they assumed • k to be O. 4 O. I . 

Specific viscosities of 0.1 per cent by weight solutions 

are measured at 2SoC and pH 6.0. Knowing the relative 

viscosity of a pectin solution intrinsic viscosity can 

be deduced from this curve. 
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6. Jelly Grade 

Commercial pectins are evaluated in terms of an 

unit called jelly grade. This is defined as the number of 

pounds of sucrose with which one pound of pectin will 

form a standard jelly qontaining 65 per cent sugar solid. 

Many methods are developed for measuring jelly grade of 

pectin preparations (Bender 1949, Cox and, Highby, 1944, 

Joseph and Baier, 1949, Owens, et.al, 1947). Today a 

method accepted by the Committee of Pectin Standardization 
. . 

of the Institute of Eood Technologists is used by manu

facturers (1FT Commitee, 1959). The usual grade levels 

of commerical pectins are 100,150,200 (Frank, et. al., 

1962) 

Owens, et. al (1952) showed the relation between 

.the intrinsic viscosity and jelly grade of pectins. The 

graphical representation of this relationship is given in 

Fig. 9 

7. Setting Time and Temperature 

Var.ious pectin preparations will solidify a batch 

of jelly mixture into a firm jelly after different periods 

of stancling which is called setting time. There are 

two kinds of commercial pectins : rapid setting (at 90-95 0 C, 

within a few minutes) and slow setting (at 50-60oC in 

approximately one hour). They are used for different 

purposes. Rapdd settitig is desirable for products like 

, I 
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preserves where solid fruit particle will float to the 

surface when the mixture does not begin to set quickly. 

Slow· setting is required for jellies which must be filled 

into containers before setting·starts. The setting time 

is influenced by the temperature and pH of the jelly 

mixture. Also the decrease in methylester content lengthens 

the setting time. Theadditi6n of certain buffers will also 

delay setting (Joseph and Baier, 1949), 
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III~ EXPERIMENTAL WORK 

The main raw material used in this work was dried 

apple pomace. Jui'ce of ninety kilograms; • Amasya apple 

was pressed off i'n the hydraulic press of Tlibitak Glda 

Unitesi Pilot Plant. Fresh apple pomace obtained was 

dried in an.oven.at a temperature lower than 90oC, 

yielding five kilograms dried apple pomace. 

Each experimental run involved the following four 

steps· ': 

1. Extraction of pectin from dried apple pomace 

2. Clarification of the extract 

3. Recovery of pectin from extract 

4. Analysis of pectin 

The experimental'get-up, chemicals and experimental 

procedures will be considered for each step separately. 

0', I , , 
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A. EXPERIMENTAL SET-UP 

1. Extraction of Pectin from Dried Apple Pomace 

The extraction apparatus consisted of 

a. Extraction vessel 

b. Water bath 

c. Mechanical stirrer 

d. Heater 

e. pH meter 

f. Thermometer. 

The system is shown on Figure 10. The extraction 

vessel is made of stainless steel and has a capacity of 

three liters. It .is covered by a lid which has three· holes 

to insert the thermometer, the electrode of the pH meter 

and the stirrer into the pomace and water mixture •. The 

water bath was heated with a (Haake E52) constant tem

perature immersion circulator. The temperature of the 

bath was regulated and measured with a contact ther

mometer.The pH measurements were made using a. Photovolt 

112 pH meter equipped with a combined glass electrode 

(Ingold, U 402-K7). The extraction -mixture was stirred 

with Baird and Tatlock Laboratory stirrer having a;l/IOO 

horsepower motor giving speeds up to 2500 rpm. 

, : 
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2. Clarification of the Extract 

To clarify the extract the following instruments 

were used: 

a. Centrifuge International Chemical Cetrifuge 

(International Equipment Co.) consists of stainless 

. steel draining chamber, sliding cover and five ,inch 

diameter basket. The hole size of the basket is too 

large to hold the waste pomac~. At first the inside of 

the basket was covered with filter paper. When wetted 

in use the filter paper was torn at the basket holes and 

could not hold the waste solids. This problem was solved 

by putting a stainless steel wire mesh inside the basket 

periphery which was also covered with filter paper. In. 

this manner only very small particles'passed through the 

wire and filter paper which were separeted later easily 

by filtering. 

b. Evap.orator·: Rotary evaporator (BUchi Rotavapor 

R 110) 

c. Laboratory glasswares and filter papers. 

3. Recovery of Pectin from Extract 

After precipitated the pectin was separated from 

the liquor by using the following instruments : 

36 



a) Vacuum pump: :To drain the :precipi tate in the' 

Buchner funnel' a two-stage vacuum pump (Cenco Hyvac 

Mechanical Vacuum Pump) with the following specifications 

was used : 

pump speed 475 rpm 

displacement of free air : 20 It/min 

ultimate vacuum 0.1 x 10-3 rom Hg. 

b) Vacuum pump: In connection with the vacuum oven 

a two-:stage, oil sealed, rotary slide-vane pump (Brand 

RD4) was used with the following specifications 

pump revolution 

volume flowrate 

:1420 min- l 

3 :4.3 m /h 
-3 ultimate total pressure with gas ballast :4xlO mbar 

. -3 
ultimate total pressure. without gas ballast:2xlO mbar 

c) Vacuum oven: It is a product of Elektro Metal 

Koll. St. with following specifications : 

maximum temperature 

.maximum vacuum' o rom Hg 

d. Laboratory glasswares. 

, , 



4. Analysis of Pectin 

Th,e pectin samples were analysed by using the 

following instruments : 

a. Various laboratory', ~glasswares 

b. pH meter (Photovolt 112) 

c •• Viscosimeter : A rotational viscometer (Haake 

VT 181) with viscosity sensor system NV, operable at two 

speeds (181 rpm and 45.2 rpm) and maximum torque appliable 

being approximately 1 Ncm was used to measure the viscosities 

of the pectin solutions. 

B. CHEMICALS USED 

1. Extraction of Pectin from Apple Pomace 

The hydrochloric acid, HCl, used to acidifY 'the 

water was 30 per cent pure and produced, by Atabay Kimya 

Sanayi.Dried apple pomace was prepared as indicated at the 

beginning of this chapter. 

2. Recovery of Pectin from Extract 

To precipitated pectin from the extract 99 per cent 

pure ethyl alcohol was used wh'ich was obtained from Tekel. 
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3. Analysis of Pectin 

The sOlutions'used in the analysis of pectin were 

prepared by using the following chemicals 

Sodium hydroxide pellets, NaOH, extra pure and manu~ 

factured by Merck. 

Sulphuric acid, H2S04 , 98.5 per cent pure. and 

manufactured by Piir Kimya Sanayi. 

Distilled water was used in all experiments. 

C. EXPERIMENTAL PROCEDURE 

1. Extraction of Pectin from Apple Pomace 

The extraction medium was acidulated water. Distilled 

water was used in a ratio of 16 parts per part of dry 

pomace by volume. The extraction vessel containing three 

liters of distilled water was put into the water bath. 

Adding:, :"- concentrated hydrochloric acid with a 10 ml 

pipet the acidity of the water was 'adjusted to the ex

traction pH as the vessel was being heated to the desired 

extraction temperature. To measure the pH of the water 

pH meter should be adjusted to the temperature of the 

extraction medium at its temperature control button. 

When the desired, pH and temperature were reached 70 g 

of dry apple pomace was put into the vessel. Theves~el 

, I 



was covered, and the electrode of the pH meter, the 

thermometer and the stirrer were' inserted into the 

lTessel. During the extraction pH and temperature 'of :.1. 

the extraction mixture were dontrolled and the mixture 

was stirred c'ontinuously. At the end of extraction 

process the mixture was cooled in cold water. 

2. Clarification of the Extract 

Pomace was separated by cent~ifuging the cooled 

mixture. After the extract was filtered approximate 60 
'" ..... -. , ... -- ". -~ ~ 

per cent of it was evaporated in the rotary exaporator 

at a temperature around' 550 C 

3. Recovery of Pectin from Extract 

~y vigorou~ly stirring in beakers 80 per cent 
. . / . 

ethylalcohol, acidified with hydrochlor1c acid to pH 

around one, wa,s added to the extract in a ratio of 

three parts per one part of extract by volume. The 

mixture was allowed to stay overnight to permit the 

pectin gel to rise to the surface of the container. 

The gel was drained in a Buchner funnel by vacuum 

pumping and washed with alcohol. Drained pectin was 

put into evaporating dishes and dried in vacuum oven 
. 0 

under 400 mm,lHg. pressure at a temperature around 50 C 

The wet pectin was spread in the ~vaporating dishes so 

that it dried in the fo:rmof thin sheets. These sheets 

I i 
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were separated easily from the surface of the evaporating 

dishes. The dry pectin was weighed, and the yield of each 

experimental run was obtained on dry pomace basis which 

are presented on the Table 3. 

4. Analysis of Pectin 

According to the procedures outlined in the section 

II.C moisture content, equivalent. weight, methoxyl and 

total anhydrouronic acid contents of pectin were determined 

for each experimental run. Degrees of esterification of 

each sample were calculated. Absolute.viscosities of one 

per cent pectin solutions were measured at 250 C •. 

a. Equivalent weight 

Titration method (Owens, et. aI, 1952) was used. 

Approximately 0.5 g pectin was dissolved in 100 ml. 

carbondioxide free distilled.water. The solution was 

titrated to pH 7.5 by adding 0.1 N NaOH solution from 

25 mI. burette. The amount of alkali consumed in the 

titration was used in equation (2) to calculate the / 

equivalent weight of the sample on moisture free basis. 

b. Metho:xyl content 

. The some method as in part (a) was used. To the 

neutralized pectin solution from part (a) 62.5 ml of 0.1 N 

·1 
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NaOH solution was added. The solution was .allowed to 

stay at room temperature for 30 miriutes. Then 62.5 ml 
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of 0.1 N H2S04 solution was added to arrest the sapon

ification. The solution was back titrated to pH 7.5 with 

NaOH solution. The amou~t of NaOH consumed in this 

titration was used in. equation (3) to calculate the 

methoxyl content of the pectin an a moisture free basis.' 

Titration data for each run are presented on Table 

b in the Appendix. 

c. Total Anhydrouronic Acid Content 

Assuming that total ash was removed with the 

acidified alcohol during the precipitation (Owens, et. aI, 

1952) total anhydrouronic acid content of pectin was 

calculated according to equation (4) on moisture free 

basis~' 

d. Degree of Esterification 

Using results of parts (b) anr (c) degree of ester

ification was calculated from equation (5). 

e. Moisture Content 

Taking the procedures outlined by Owens, et.al, 

(1952) and Graham and Shepherd (1953) into consideration 
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the moi,sture content of pectin samples were determined 

in the ~ollowing way 

Pectin samples were put into crucibles and weighed. 
, 

They were then put into on oven to stay overnight at 

o 
50-55 C. The samples ',w~re weighed and put again into the 

oven. When weighed after a couple of hours for the second 

time there was no change in their weight. So to dry the 

samples overnight was considered,to obtain constant weight. 

The different between the first weight and the last weight 

was takes as the moisture content of the pectin. Moisture 

content data are presented on Table 8 in the Appendix, 

f. Viscosity 

One gram sample of dry pectin were dissolved in 

100 ml of distilled water by stirring, vigorously~ The pH 

of the solutions were mea~ured to be around 2.5-2.7. Water 

at 25
0

C was circulated in the tempering vessel of Haake 

Viscometer. Sensor system NV was used in the measurements, 

and the measurements were made at 181 rpm and 45.2 rpm 

speeds of the viscometer. Viscosity in terms of centipoise 

was calculated from the equation (instruction Manual, Haake 

Viscometer VT 181) 

u = F x U x S (8) 

, i 



where F is a constant for the sensor system of the 

Viscometer, for NV F = 0.24 

U is the speed number, 1 for 181 rpm 

4 for 45.2 rpm 

S is the scale- reading of the Viscometer 

Viscosity measurement data are presented on Table 9 fn 

the Appendix. 

44 
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IV. RESULTS AND DISCUSSION 

In this work the precision and the accuracy of the 

analytical methods used to determine the pectin quality were 

investigated besides the effects of the three process variables . . 

studied on the pectin yield and quality. Therefore this chapter 

is divided into three parts: namely, the results of the 

extraction experiments, precision and accuracy of the 

analytical methods used and the discussion of the.results. 

A. RESULTS OF THE EXTRACTION EXPERIMENTS 

In this study the intention was to investigate,the 

effects of three factors, namely the extraction temperature, 

the duration of the extraction process and the acidity of the 

extraction medium on the yield and quality of the pe9tin 

obtained. The previous studies summarized in Chapter II of 

this work were taken into consideration in determining the 

.. 

, I 
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/ experimental levels of these factors. The levels of these 

factors were: 

extraction temperature: 60 C-90 C 

extraction time 30 min-60 min 

extraction pH c 2.0-3.0 

These values can~be represented as the corners of a cube. 

The conditions of eight of the nineteen experimental runs 

o . I 
( 75C, 45min,pH lO) I 

I I 
I 
I I 

(60t30mir\pH z;iL._._. _._._I._._1(9OC,30min,pH ) 
'"\ I 1". ' 

." I I '. 
• I " " I . 

I ~ '. 
" . (75t,45min,pH25) J " 
".' . I . ., 

60min,pH25)" . _ .. -1-._. ~Q·~QminlQ1s1~5) 
-----------~- --, 

P
H . I, , 

I " I ", 
(75ts45minpH,2.0) " 

/' " T~---'... 
(·c) 

. Fig.ll. Pictorial representation. of the extraction conditions. 

performed in this work are represented on Figure 11. The 

conditions and results of these experiments are summarized on 

Table 3. The results of rest of the experimental runs had to be 
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Table 3. Results of the Extraction Experiments 

Experinent no. 12 15 14 ·16 17 .19 18 13 
.. 

Arrount. of HCl 

added (rnl) 
6 10 ~.75 9 6.5 10.25 . 5.7 6.5 

Extraction· pH 2.5 2.5 2.5 2.5 2.5 2.0 3.0 2.5 

Extraction 

Temperature (oC) 60 60 90 90 75 75 75 60 

. Extraction Tine 

(min) 
30 60 30 60 45 45 45 30 

M::>isture Cbntent' (%) 3.1 4.5 4.0.: 6.2 6.6 14.2 7.2 2.8 

M=thoxyl Content (%) 
(rroisture and ash 4.62 4.41 4~lS: 5.17. 4.59 4.98 6.02 .4.58 

free basis) . 
i 

Anhydrouronic acid 
Content (%) 
(rroisture and ash 41.62 40.15 43.11: 50.3l 42.01,: 60.33 . 52.02 42.60 

free basis) 

Degree of Esterifi-
cation· (%) 

, 

(rroistureand ash 63.00 62.42 54.59: 58.3.5: 57~94 46.86 65'.73 61.00 

free basis) ~ /" 

Equivalent weight 
(rroisture and ash 

free J:>asis) 1063 1164 898 839 ~30 551 987 1060 . 
. . .. 

Absolute Visoosity 

(cp) 
.. 1.44 1.92 4.08 3.12 3.36 . 1. 70 2.16 1 •. 49 . , 

.. 

yield (%) 6.3 8.6 11. 7 13.8 9.37 9.46 7.57 6.0 
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/ neglected, since it was found, out that some of the pH meter 

readings obtained during these runs probably had unacceptably 

high errors during these runs due to a bad connection in the 

pH meter. 

Runs 12,15,14 and 16 were performed by keeping the pH 

of the extraction medium constant at 2.5 in order to see the 

effects of extraction time and temperature. In the Runs 17, 

18 and 19 the extraction time and temperature were kept 

constant at 75 C and 45 minutes and the effect of pH was 

observed. The, Run 13 is a repetition of the Run 12 performed 

to test the reproducibility of the extraction experiments. 

B. PRECISION AND ACCURACY OF THE 

ANALYTICAL METHODS USED 

In an effort to determine the precision and the 

h 1 · 1 h d d' hI. k' accuracy of t e ana yt1ca met 0 s use 1n t 1S wor two 

procedures, as outlined below were performed. 

Firstly, the pectin sample obtained in RUn 16 was 

analysed for its quality in' duplicate. The results of this 

"duplic'ate analysis are shown on Table 4 below. The detailed 

data of this 'analysis are given on Table 10 of the Appendix. 

As seen on Table 4 the reproducibility of four 

different tests range between 0.08-4.14 per cent. Namely the 

methoxyl content was reproduced with a 2.94 per cent r the 



/Table 4. Comparision of the Duplicate Analytical Results for Run 16. 

ExperiIrent no. 16 (1) 16 (2) % Difference 

Methoxyl Content (%) 
(moisture and ash 5.17 5.02 2.94 
free basis) 

Anhydrouronic acid \ 
Content (%) 50.31 
(moisture and ash 

50.35 0.08 

free basis) 

Degree of 58.35 56.60 3.04 
Esterification (%) 

Equivalent weight 
839 805 4.14 (rroisture and ash 

free basis) 

anhydrouronic acid content with a 0.08 per cent, degree of 

esterification with a 3.04 per cent and equivalent weight with 

a 4.14 per cent •. 

Secondly, a commercial pectin sample was analysed in 

the University laboratory. To determine the accuracy ~f the 

analytical methods used a portion of the same sample.was 

submitted for analysis in the quality testing laboratory of a 

pharmaceutical firm, namely !brahim Ethem U1:agay Kimya Evi 

T.A.~ •• The comparative results of these twO analyses are shown 

on Table 5 below. Since the two sets of experiments were 

performea by different analysts and using the same methods 

but probably using solutions of different concentrations the 

discrepency between results as shown on Table 5 should be 

considered acceptable. 
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J ' 

Table 5. Comparision of the Analytical Methods for a Commercial Pectin. 

Analysis made in Analysis made in 
,the laboratory the fiJ:m -

, , , ' " , , 

Methoxyl Content (%) 
(noisture and ash 7.79 8.73 
free basis) 

, , , 

Anbydrouronic acid 
Content (%) 77.25 88.26 (noisture and ash 
free basis) 

Degree of 57,.25 56~15 'Esterification (%) 
, , 

C. DISCUSSION OF THE RESULTS OF 

,', THE EXTRACTION EXPERIMENTS 

The discussion of the ex~erimental results will be 

made in accordance with the experimental design shown on 

Figure 11. Thus, firstly the experimental results at constant 

pH, i.e. pH 2.5, and varying the extraction temperature and 

time will be discussed to bring out the the effect of these 
~ 

two variables on pectin yield and quality. Next the effect of 

varying pH at constant extraction temperature and time, i.e. 

75°C and 45 minutes, will be examined. 

1. EFFECT OF EXTRACTION TEMPERATURE AND TIME ON PRODUCT 

YIELD AND QUALITY 

The effect of extraction temperature, and the duration, 
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of the extraction at constant extraction pH on the pectin 

\>' yield, the methylester and anhydrouronic acid contents and 
. . 

degree of esterification of p'ectins and on the absolute 

viscosi ty of the pectin solutions will be discuss,ed. 

riP 

r(j' 
r-I 
Q) 

.r-! 
:>I' 

S:: . 
• r-! 
.j.J 
{) 
Q) 

III 

a. Effect of Ext~action Temperature and Time on 

Pectin Yield 

Figure 12 shows the change of pectin yield with 

14.0 
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Fig.12. Percentage pectin yield vs extraction time at 

constant extraction pH(pH=2.5) 

extraction time and temperature. Yield increased with time 

and temperature. This result was expected since by prolonged 

heating at high temperature more water-insoluble protopectin 

. I 
! 

., 
I 
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is converted into water-soluble pectiL. Similar results were 

obtained for both temperatures studied (60°C and 90°C). Yield 

vs extraction time lines obtained for each temperature seem to 

be parallel to each other. Thus, it is seen that yield increase 

is directly related to the extraction time and the time effect 

is similar at all levels studied. 

b. Effect-of Extraction Temperature and ~ime on the 

Anhydrouronic Acid Content of Pectin-

The purity of pectin extracted is indicated by the 

amount of total anhydrouronic a-~id (owens,et. ,al. ·i1952). As 

shown on Figure 13 the purity of the pectins obtained in the 

-riP -
+> 
~ 
Q) 

+> 
~ 
0 
(J 

· ~ · p 

· ~ 

. 

50. 

40. 

/~ 
-0-

30 45 

extraction tlme(min) 

-0-
~o"C 

60 

Fig.13. Total anhydrouroniq acid content vs extraction 

time at constant extraction pH(pH~2.5) 
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experiments increased with temperature., The .reason for this 

may be suggested as being the fact that extraction at high 

temperatures causes breaking of the ester linkages between 

polygalacturonic acid and other pOlysaccharides.- and sugars. 

As a result .purer polygalacturonic acid was obtained. Further

more, it is also suggested that prolonged heating strengthens 

the effect of the·temperature s9 that a steep line is obtained 

for 90°C. The.purity of pectin extracted at GOoC shows a slow 

decrease which cannot be explained. Maybe it can be deduced 

from this fact that ~t low extraction temperatures the 

extraction time does not effect the purity of pectin obtained. 

The temperature 75°C lies inbetween which means that the 

purity increases ·with extraction temperature~ 

c. Effect of Extraction Temperature and· Time on the 

Methylester Content of Pe6tin 

As shown on Figure 14 methylestercontent-of pectins 

shows a similar behaviour as· anhydrouronic acid content. On 

Figure 14 the two constant temperature lines cross each other 

near 7S oC-45 min };>oint. As it was indicated in section 

II.-B.2, prolonged extraction at too low- temperatures causes 

deesterification of pectin, so extracting at 60°C for 6d 

minutes results 'in pectin with lower methylester contents 

as compared to extracting at 60°C for 30.minutes. This 

sU9gests that before an optimum point near the extraction 

time of 45 minutes is reached pectins with higher methyl-

:1 
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Fig.14. Methylester content vs extraction time at 

constant extraction pH(pH:2.5) 

ester contents are obtained at low temperatures. When the 

extraction time exceeds 45 minutes, higher-temperature is 

necessary to extract pectins with higher rnethylester content 

which seems unreasonable, because high extraction t~mperatures 

aredeterious to pectin as indicated in section II.B.2. 

d. Effect of Extraction Time;;fnd Temperature on 

Degre'e of Esterifica tion 'of 'P'e'ctins , 

On Figure 15 the behaviour of degree of esterification 

as a function of time is presented. At lower temperat'ures 

pectins with higher degree of esterification are obtainea. 

Again at 60°C, the time effect is not strong. At high 
, , 

temperatures prolonged extraction seemed to increase the 
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degree of esterification of pectin. This 1's unexplainable. 
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Fig.15. pe~ree of esterification vs extraction time at 

constant extraction pH (pR=2.5) 

e.Effect of Extraction Time and Temperature on 

Absolute Viscosity of Pectin Solutions 

The relation between absolute viscosity 6f pectin 

solution and extraction time and temperature is shown on' 

Figure 16. When compared with Figure it is seen that there 

is an inverse relation between the viscosity of pectin 

solutions and the degree of esterification of pectins 

obtained. 



4. 

75°ee 

-0.. 0 0 ., - 3 • 
. :>, 
4J 
oM 
[/) 

0 
0 
[/) 

00'-\ 
:> 
Q) 
4J 
::s 

...-l 
0 
[/) 

~ 
60 0 e /' 2. - e 

~ 

/' (i)Run 13 

i. 
30 6 

Extraction time (min) 

Fig.16. Absolute viscosity of one we~ght per 

·cent pectin solution vs extraction 

time at constant extraction pH (pH;2.5) 

56 



57 

2. EFFECT OF EXTRACTION pH ON PRODUCT YIELD AND QUALITY 

The effect of the acidity of the extraction medium 

at constant extraction temperature and time on pectin yield, 

the methylester and anhydrouronic ,acid contents and degree 

of esterification' of pectins ,'and on the absolute viscosity 

of the pectin solutions will be discussed. 

a. Effect of Extraction pH'on psctin Yi~ld 

As shown on Figure 17 the pectin yield'increased with 

14.0 

dP 13~O 

ro 
r-I 12.0 Q) 
-r-! 
~ 

!=: ,11.0 
-r-! 
+l -0 

-~ u 10.0 . :-Q) 
~ 

9.0 
0 

8.0 
, 

7.0 

6. 
2.0 2.5 

extraction pH. 

iig.17. Percentage pectin yield vs extraction pH 

at constant extraction temperature and tim~ 

( T::: 75 0 C, t::; 4 5 min) 

increasing acidity as expected (Graham,et. al.,1953). This 
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is thought to be due to the fact that at high acidities more 

protopectin is hydrolysed into water-soluble pectin so that 

the amount of pectin recovered will be higher. No, . appreciable 

difference between pH 2.0 and pH ~.5 results was detected. 

b. Effect of Extraction pH on 'Total Anhydrouronic 

Acid Content of Pectin 

Figure 18 shows the relation between the purity of 

60. ~ 

---dP' 

-4J 
~ 
Q) 

-4J 
~ 
0 j U 

· ,:r: 
50. · ::> · ,:r: 

2.0 2.5 3.u 
extraction pH 

Fig~l8. Total anhydrouronic acid content v~ extra6tion 

pH at constant extraction time and temperature 

(T=750C, t 45~min) 

extracted pectin and the acidity of the extraction medium. 

Purity is highest at highest acidity, because the medium is 



59 

deterious enough to break the ester linkages between the 

polygalacturonic acid and the other polysaccharides and sugars. 

c.Effect of Extraction pH on Methylester Content of 

Pectin 

Hign acidity is also deterious to methylester bonds of 

pOlygalacturonic acids(Graham,et.al.,l953) and pectin with 

lower methylester content is obtained at high acidities as 

shown on Figure 19~ 
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Fig.19. Methylester content vs extraction pH 

at constant extraction temperature and 

time(T=75 Q C, t~45 min) 
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d. Effect of Extraction pH on ,Degree of Esterification 

of ' Pectin 

, , 

As shown on Figure 20, the 'degree of esterification df 

p~ctins extracted increased with increasing acidity of the 

extraction medium. This trend agrees with the literature(Nagy, 

et. ,a1. ,1977) • 
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e. Effect of Extraction pH on Absolute Viscosity .. 

of Pectin Solutions 

Figure 21 shows the relation between absolute viscosity 

of pectin solution and extraction pH. When compared with Figure 

19 there is an inverseorelation.between the absolute viscosity 

of pectin.solutions and methylester content of'pectins obtained. 

In general low ester pectins were obtained as the 

methylester contents of the pectins were under seven per cent 

(Joseph,1953). The methylester contents and the equivalent 

weights of the pectins obtained do not agree with the data 

obtained from the literature as shown on Figures 22 and 23. 

A pectin s~ple obtained from a pharmaceutical firm was 

analysed in the laboratory. The methylester content and the 

equivalent weight'of this pectin were closer to the curves on 

Figures 22 and 23, which means that they agree with the 

literatureval~es within the acceptable limits. 

Pectins with low methylester content but with high 

degree of esterification were obtained in this work. This 

result is in contradiction with the expectations. 

These deviations of the results from the literature 

may be'due,to impurities present in the pectins prepared in 

, this work. These impurities, if any, may result from the 

. clarification problems which arose in this work. The ,use of 

activated carbon and diatomaceous earth to clarify the pectin: 

I 
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liquor(Nagy,et.,al.,1977) was attempted in the earlier stages 

of this work. However, the products obtained "from these 

purification stages gave rise to filtering problems of the 

liquor, so that pectins precipitated from this liquor were 

quite different, almost like cakes of silty soil. Thus, those 

filter aids were not used further in this work. 

Pectins with the highest degree of esterification were 

obtained from extractions under mild conditions such as Run 12 

(pH~2.5, T:60oC, t=30 min) and Run 18 (pH:3.0, T=750C, t=45 min) 

which is very logical and as "expected. 

The errors in the determination"·:of. equivalent weight 

and methylester content may also lie in the possibility of 

missing the end point of the titration with",.the alkaline 

solution. As shown on Figure 24 in the Appendix there is a 

"sudden change in pH around 7.5. Even one drop of excess alkali 

causes a large deviation from the end pOint. 



V. CONCLUSIONS AND RECOMMENDATIONS 

FOR FUTURE WORK 

'\ , 

From the 'experimental results obtained in this 

66 

work it may be concluded that at mild conditions, that is 

at low extractio~ temperature and low acidity, low yields 

of pectin with high degree of esterification·are obtained. 

Duration of the extraction process does not seem to strongly 

affect the results at these conditions. There seem to be 

no appreciable difference in extraction yields at levels 

of pH 2.0 and pH 2.5. However, at pH 2.5 higher quality 

pectin is obtained. The results show that at pH 2.5 600 C 

extraction' temperature acceptable levels of 'pectin yield 

and quality are obtained. 

As:..seen in Section IV.A and ',discussed in-Section. IV.C ";:- .' 
.. ,"". 

the results, that is the equivalent weight, the methylester 

and anhydrouronic acid contents of pectins obtained, show 

deviations from the literature. As stated in Chapter IV, 

filter aids could not be used to clarify the pectin liquOr, 

and this may cause the deviations observed. Therefore, 

first of all the proper way of using the filteraids in 
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clarifying the pectin extract should be, investigated in 
" , 

order to see whether the· employment of such clarification aids 

\ . 

av.Gi&, the deviations in the results. Seperation of filteraids 

frq~ the extract in Bucher funnel may be inefficient as very 

particular filteraids, such as diatameous earth, may pass 

through the sides of filter paper into the filtrate. The 

employment of other filtering equipment may improve the 

filtration process. 

Dispersion of dry pectin in water is very difficult. 

When introduced into water particles hydrate on the surface 
, . 

forming a gummy coating, and absorbtion of water is slowed 

down. This difficulty may be avoided by wetting :the powder 

pectin with alcohol. However, this_treatment is useless 

when dissolving the pectins which are dried in sheet form. 

Dispersion of them in water takes a,longer time even if 

the solution is agitated vigorously~ For easier dispersion 

in liquids the pectins should be' either ground .after drying 

in sheet form ,or the concentrated pectin liquor should be 

spray dried. 

An optimization of-the amount of water used as the, 

extraction medium is necessary, because its amount affects 

the pect~n yield, the amount of alcohol used to precipitate 

the pectin and other processing costs, i.e. 'pumping, filtering 

and concentrating the extract. 
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After improving all the steps mentioned above the 

experimental design cube in F,igure 11 should be completed 

to obtain more reliable conclusions on process variables. 

'At least extractibns should be done at 7SoC extraction 

tempera'ture for 30 minutes and 60 minutes to provide the 

behaviour of the other two constant temperature, lines at 

'constant pH. The repetition of constant temperature and 

time extractions at v.arying pH for at least one other 

extraction temperature and time will be good to compare 

the effect of varying extraction pH at different extraction 

temperatures and times. 

, 

I 

! 
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APPENDIX 



Table 6. Data for Titration Method to Determine the Quality of Pectins' Obtained (b~fore 

Moisture Determination) 

Experiment no. 12 15 14 16 17 19 18 

Amount of Pectin' 
Dissolved in ,,0 .. 5060 .100 m1 water (g) 0.5000 0.5012 0'.5004 0.5013 0.5016 0.5000 

Normality of 
NaOH Solution 0.09318 0.09318 0.09318- , 0.09318 0.09318 0.09318 0.09318 

Normal.ity of 
H2S04 Solution 0.119.59 0.119.59 ' 0.,11959 0.11959 ,0'.1195,9 0.11372 0.11372 

pH before first -
7.,5 7.5 7.S 7.5 7.5 7.5 7.55' titration ...... , , .... .... , , , , , 

pH after first 
titration 2.8 ,2.85 2.8 2'.8 2.8 2.6 2.9 

, , , , , , , , . . . . . , , .... .... , , , , , . . ~ . . . , 

Volume of NaOH 
consumed in the 4.95 4.4 5.75 6.0 . 5.4 8.3 5.0 first titr~ (m1) " 

, , " , , , .. ' ... . . . . , , , , ' , ' , , , , , . .. ' ... ' ... , . , , 

Amount of NaOH 
used for saponifi- 67 67 67 67 67 67 67 cation of pectin 

(m1) 
. , . , .... .... , , " 

- -- -- - - - .. - - L-- _____ .. --

13 
" 

, 

I 

0.4965: 
I 

i 
! 

0.09318 ! 

, 

I 

0.11959 I 

, 
' , 

7.5 ' 
I 

' ' 3.1 

4.9 

67 

-...] 
~ 
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Table 6. continued. 

Amount of H2SO4 
used·to stop the 52 52 52 saponification (ro1) 

pH before second 
Titration 3.9 

. 
.3.85 4.1 

pH after second 
titration 7.5. 7.5 7.5 . 

Volume of NaOH 
consumed in the 7.83 7.3 6.9 
second titration 

. . . . . . . . . ... 

-

52 52 

3.9 3.72 

7.5 7.45 

8.4 7.45 

. . . .. ... 

55 55 

4.1 3.5 

7.5 7.5 

7~35 . 9.; 6 

52 

3.9 

7.5 

7.65 

-..J 
111 



Table 7. Data for Titration Curve of Pectin Solution 

(1:0 g Pectiri / ~oo m1 watei) (Fig.24) 

Amount pH of Amount pH of Amount pH of 
of NaOH pectin of NaOH pectin of NaOH pectin' 

(ro1) 
soln'~, 

(ro1 ) soln. " (m1) soln. 

0 3.15 6.25 4~38 ' 11.25 " "9,~90 
3.15 

1.00, 3.18 6.50 4.48' 11.50 ; 10 ~,OO 
" 

1.25 . .L19 7~00 4.68 11. 75, 10.00, 

'1.50 3.20 7.50 4.90 12.00 10.05 .. , , 

1.75 3.23 8.00 5.50 12.50 10.20 
." . 

2.00 3.25 8.25 5.85 13.00 10.30 

2.25 3.30 ' 8.50 6.43 ! 13.50 10 '. 35 
", 

2.75 3.40 8.75 7 .-30 14.00 ' 10.40 
, , 

3.25 3.50 9.00 7.88 14.50 1Q.45 
'" 

3.50 3.60 , 9.25' 8.42 15'-00 10.50 
'o 

4.00 3.70 9,.50 8.81 16.00 10.60 

4.50 ,3.80 9.75 9.15 17.00 10.70 

5.00 3.95 10.00 9.40 18.00 10.75 
" , , ' , , ' 

5.25 ' 4.03 10.25 9.50 19.00 10.80 
" ' .. 

5.5,0 4.13 ,10.50 9.65 20.00 10.85 
.. ' , .. 

~.75 4~20 10.75 9.75 21.00 10.90 
, , 

" 

b.OU 4.30 11.00 9.85 22.00 10.90 

, 76 
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Table 8. ' Da ta for Moistur'e D~terininati~n of Pectin Samples' Obta.i:ned, 
. ". 

. . . . . " . . . .' ............ . ~ . . . . . 
.. 

Experimental 
Run 12- y' 15 ' , 14, 16 , .. ',' 17,' 19 ,. 18 

. . . , . . . . . . . , . ' , . . . . . . .... .. . . . ... 

Weight of 
Empty Crucible 19.0179 19.5113 18.3385 19.5800 18.7694 19.1450 18.4145 

. (g) 
. . . . . . . '.' .' ' .. . . . . . 

Weight of 
Crucible and .' 

Pectin before 20.6646 20.5972 19.9411 ' 21.0975 19.7543 20.2510 20.2248 
Drying (g) - , . .. . .. .. 

. . ' .. , ... ; .. . , .... ' .... , . . , .. . ... 

.,. 

Weight o'f 

Crucible and 20.6137 20.5487 19.8765 21.0045 19.6896 20.0908 20.0870 
Pectin after 
Drying (g) ... .. ,-, .. .- .. ", . . 

. . . . . . . . . . . . . . ~ . . . . . . . . . . . . . ...... . . . . . . . . . 

,":,,:0"13 
, . ; 

18.4'100 ' 

. . 

20.5114 

' . 

20.4524 

, ... 
. . . . . 

'. 

-...J 
<Xl 



Table 9. Data of Viscosity Measurements (1.0 g pectin / 100 m1 water) 

Experimental Run 112 1 
.15. .1. .14 ... ·1· .1.6. . .1... .17 ... 1. . . .1.9 ... I. '18 ... 1. 

Temperature 'of the 

Solution { C) 25.2 25.0 25.1 25.1 I: 2~ ~ 2 1 
25.1 I 25.0 

. . . , .... . . . . . . . . ., . 

pH of th~ solution 2.6 2.6 2~7 2~ 6 ·1 2.5. 2.4 I· '2 .. 61 

S . (Scale Reading. 
a·t U 1) . 6 .8 ·17 13 I 13.5 5 9 

S (Scale Reading 
~t U 4) '1 1.5 I 2 4.5 I . ,3·· 1. 3 .• 5. I ·1 . I 2.5 I· 

.13 

··2.5 

6.2 

1.5 

-...J 
.\.0 
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Table 10. Da ta for :'Experim,ents . to Test' the Precision 

. of Analytical Methods 

Experinent No. 16(1) 16(2) 

kIount of Pectin 
Dissolved in 0.5004 0.5000 
100 ml water (g) 

Nonnality of NaOH 

Solution 
.. 0.09318 0.09318 

Normality of H2So4 0.11959 0.11959 
Solution 

pH before first 
.titration 2.8 2.9' 

I 

pH after first . ," 

titration 7.5 7.5 

Volurre of NaOH oonsurred 
in the first titration" . 6.0 6.25 

(ml) 

Anount 'of' NaDH' used for 
Saponification of Pectin 67 67 

(ml) ~ 

kIount of H2S04 used -t:o 
52 52 Stop the SapOnification 

(ml) 

. pH before second 
titration. 3.9 3.6 

pH after second 
titration , . 7.5 7.S 

Volurre of' NaOH oonsurred 
in the second titration 8.4 8.4 

.. {ml) . , 
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