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-ABSTRACT

_Dried Amasya apple pomace was used for extraction
of'apple pectin ih this. process variable study. Process
variabiles of:the.extfaction process were chosen as
extraction temperatu%e, duration of the extraction.and
acidity of the extracfion medium. The effect of these
variables on the yield and quality’of pectin obtéined
were studied. To detefmine the quality of pectins their -
equivalent weights and methylester contents were measured.
by titrating 0.5 per cent water solutions of pecfins
obtained With dilute alkali. Using the titration results
total anhydroumwnic acid contents of pectins werevéalcul—
éted. Absolute viscoéities of one ber cent water solutions
of pectins obtainéd were measured. The results showed that
pectin yield increasedbwith time and temperatﬁre. It‘was
seen that yield increase was directly related to thé
extraction time and éhe temperature effect was similar in
all levels studied. ?he anhydrouronic acid content'of}
pectins'increased wiﬁh_temperature. The methylester content

of pectins showed similar behaviour as anhydrouronic acid
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coﬁtent; The constant temperature lines crossed each..other

near 75°C - 45 min point. At lower temperatures péctins
with higher degree.of‘esterification were obtained. The
results showed also that pectin yieid increased with
increasing acidity. Anhydrouronic acid content was
highest acidity‘and pectin with lower methylester
content was obtained. Dégrée of éstérification of

pectins extracted increased with decreasing acidity

of extraction medium. Experimental runs .showed deviations

from the literature as a result of the clarification

problem.
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OZET

Bu calismada kurutulmug-Amasya elmasi posasindan elma
pektihi ekstraksiyonunabsﬁreg deéiskenleriniﬁ etkileri incelen--
mistir. Ekstraksiyon igleminin slireg degiskehleri olarak‘ségilen
ekstraksiyon'51cak11§1 60 C-90 C arasainda, eks£réksiyon sﬁ:esi
30 dak-60 dak arasinda ve ekstraksiyon ortamin1n pH's1‘
2.0-3.0 arasinda dedistirilmig ve bu degiskenlerin elde edilen
pektinlerin verimi ve kalitesi ﬁzerindeki etkileri incelenmigtik.
Elde edilen pektinlerin kalitesini tesbit etmek ic¢in egdeger
agarliklari ve metilester miktarlaflApektinlerin yizde 0.5'1lik
su ¢bzeltilerinin séyreltiimis alkali‘gézeltisifle-sabunla$t1rma v
metoduyla Olg¢ililmiigtiir. Sabuniastlrma sbnuglarlndan’yaralanarék
pektinleriﬁ toplam anhidrouronik asit miktarlari ve esterlegme
dereceleri hesaplanmigtir. Pektinlerin yﬁzde“birlik4sﬁ'
¢bzeltilerinin mutlak viskositeleri Slglilmiigtiir. Sonuglar
pektin ﬁeriminin'ekétraksiyon;sicakllél;kzaman; ve pr81yla
artt1§1n1 gbstermigtir. Bu gallsmada kuru elmadan elde edilen
pekﬁin verimi Yﬁzde 6.0-12.0 ara31nd$ dedigmistir,..  Elde edilen
pektinlerin anhidrouroﬁik asit miktarlara ekstrakSiyon sicak-

111 ve pH'siyla artma gbstermektedir ve esterlesme dereceleri
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de ekstraksiyon sicakliginin ve ortamin asidetisinin dligmesiyle
artmaktadir. Bu g¢aligsma sonucunda dustik metilesterli péktinler

elde edilmigtir.
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1. INTRODUCTION

Pectin is a complex polysaecharide’qccuring in
higher plants and is an important and powerfull gelliﬁg
‘agent used essentially in the manﬁfacture of fruit
"jellies, jams and marmalades. Besides there afe many
otﬁer suggested applications such as emulsifying and
suspending aéent for particulate materials and it hes
also many pharmaceutical applications. Pectin acte as
the 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.

Pectin is obtained from plénﬁ material.by extracting
with hot acidulated water. The main»industrial raw mater-
ials for pectin are apple pomace and citrus peei;'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 Eﬁrope and in the United States the manufacture

of pectin ie well established since the second decade of



the twentieth century’and it is usually cérried out by
large apple and citrus juice producers whose by—pfoducts
are used as raw materials for the manufacture of pectin
before £hey are consume& for cattle feed. In Turkey all.
of the pectin consumed is.imported‘and it is largely
consumed in food and bharmaceutical industries. Accbrding
to the market survey done in 1983 the average importation
of'ten yearé was 18.5 tons pectin/yeaf and the selling
price of pectin was 5.8 $/kg in l983;(Design»Projeét,

Chem. Eng. Dept., Bo. Univ, 1984).

In this work pectin was extracted from dpy. .y
apple pomace in hot water acidif}ed with hydrochlbric
acid. The aim was to investigate'the~effects of extraction
time, extraction temperature and acidity of the extraction
medium on the yield and guality of pectin obtained. |
Methylester and anhydrouronic acid contents of>£hé dried
end-product were determined. The viscosities of thé-pectin
solutions atjconstant pH and at ZSOC were measufed in an
effort to relate the pectin qualitylto easily determinable

industrial quality control of gelling power.




I1. 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 middlé 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 the American
 Society in 1944 (Kertesz, et. al. 1944)  the pectic

substances are divided into three groups :

1. Proﬁopectin: Pectic substances occur predominantly o
in the.form of water—insolﬁble protopection duriné thé |
early stages of growth in plants. During ripening it-is
transformed into water—soluble.pectin. This transformafion

leads to the softening of the tissue in many plants.




2. Pectinic acids : They are colloidal water-

soluble polygalacturonic acids partially esterified with
ﬁethanol and are called pectinS‘shortly.'Under suitable

conditions they can form gels with sugars and acids or |
with certain metallic'ions. This propefty makes~pectinic

acid the most uSeful‘of pectic substances. .

3. Pectic acids : This term is applied to the

colloidal polygalacturonic acids containing non-esterified

carboxyl groups.

Polygalacturonic acid, the.méin constitueﬁt of
pectin molecule, is a polysaccharide and also‘calied‘
galacturonan. It is build up from D—galacturonic acid
units connected together by a-1,4 glycosidic 1inkages
forming long, chain-like, linear.polymerSaUnesterified
~carboxyl groups are eithér free ‘acids or'neutfaliéed
with cations. Fig‘l shows a part of a‘polygalaéturonic
acid molecule esterified with methanol and ¢ross—1inked

through a polyvalent cation (Ca).

Pectin is a complex polysaccharide consisting of
two other:polysaccharides besides galacturonan :arabinan
and galactan (Frank et.al., 1967). Galacturonanmethylester

is resp0nsibie for the gelling property of pectin..




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 eéterlinkages
comblete‘separation of them is very.difficult to aéhieve
without degradihg the pectin moleéule. The compqsition‘
of pectin varies with its source fruit and the conditions -
used in its extraction.Besides methylester groups some

pectins contain esterified acetic acid wunits.

" commercially, pectinic acids are classified
accordiﬁg to the amount of methylester groups they éontain.
begree of esterification, DE, the ratio of methoxylated
galacturonic’acid groups to total.galacturonid'adid P

groups, influences especially the solubility ahd'gelation




Percent Methoxyl

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

eved by extraction of natural raw material is about 75

; pér cent.

Pectic acid or Pectates

‘'Fig. 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 éelling
mechanisms. HM pectln w1ll from jams and jellies w1th

sugar and acid. LM pectlns will form gels with small
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IOW METHOXYL
OR ' : 1720
- LOW ESTER . . .
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quantities of polyvalent cations such as calcium without

the additional soluble solids and acids (Nagy, et.al,l977)

B. INDUSTRIAL MANUFACTURING PROCESSES OF PECTIN
1. RAW MATERIALS USED IN PECTIN MANUFACTURE -

The pectin céntent of plant materials depends
upon the fbllowing factors: : plan£ variety,.plant
tissue type and the growth»périod. Fruits and vegatabies
’Acontain varying amounts of pectin. Table 1 shows the

pectin consent of some plant materials.

Citrus péel (lemon, lime,~brange and grapefruit)
and apple pamace are main éources of pectin in the United
States and in Western Europe. As sugar-beet pectin.
cdntains 4-6 per cent acetly groups whereas lempn and
apﬁle(pectins contain 0.35-0.45 per cent, it must bé
processed under strong acid conditions to reduce thé
acetyl content, bécausevhigh acetyl.COnteﬁt prevents the
formationof sugar-acid jellies_(Frank, et. al, 1967). ..
Sugar-beet pectin is produced in Sweden and Russia on
a limited scale;~Sunflower heads contain pectin'bf
high quality and they are‘employed in Germany, Bulgaria

and Romania.



Table 1. Pectin Content of Plant Materials (Frank, et. al., 1967) ‘

total pectin

as percent of-
‘Plant material o dry substance
potatoes | . - 2.5
carrots . | 10
horseradish ' 15
tomatoes V 3
apple pomace d' 15-20
_sunflowerdheads ’ 25 |
sugar beet pulp - 15-20
citrus peel (albedo) o 30-35

Flowcharts for preparlng 01trus frult and apple
or ‘pectin manufacture are presented on Fig. 3a and 3b,
' respectlvely, After expre551on of the juloe and
extraction of oeel 0il the white inner rind of the
citrus peel, called,albedo, is grounddto 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,k
produced during the cutting operation (Graham,,et. al,
vi953r. In this‘manner the quality of the finaidpectin‘
product'is improved. The washed peel is heatedvto a |
temperature around 90°c for a few minutes in order to
prevent the pectin from enzymatic action. Prolonged

heating above 60 °C deterious to pectin



< Citrus Fruit :)
o ———{:Eitrus Juice
Press o >
Extraction’ : _
of Citrus oil -
' oil ,

|
C '?eel

Cutting

waéﬁing,
heating,
pressing

Drying

X

(g;ieq Citrus_Pegg

-

Fig. 3a. Preparation citrus fruit for pectin extraction -



\>pomace

wash’

Dry

.

: (:;ried AppleBmm;;

press Agﬂe]mﬁce'.

Fig. 3 b. Preparation of apple for pectin

extraction
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(Nagy, et.al, 1977). Then the peel is préssed and dried
for off-season usage. The‘drying tempefature should not
be higher than 90°C ndt té damage péc@in. When the-
average moisture content of peel is reduced to about

30 per cent the temperature should be reduced to‘55°c.
The peel should not be dried to a moisfure content less

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

Apple pomace is prepared in the same manner as
citrus‘peei. The freshiy pressed apple pomadé is washed
some wéter to purify it, then it is dried. Drying tem-
perature may rangé between 65—900C, and it is impoftant
to avoid overheatingi(Fraﬁk, 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 :

s

a. Solubilization of pectin from raw material
b. ¢lgrification of the pectin soluﬁion_

c. Isolation of pectin from solution

Even if the methods used at each step will chahge
from one process to the other all of the industrial proc-
esses are  based on these steps. After describing each

step génerally four of the industrial process will be

briefly surveyed.
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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
acidity and the temperature of‘the process; The amouﬁtof
pectin extracted increases as the extractlon temperature
and acidity 1ncrease.legh ac1d1t1es and h1gh extraction
temperatures are deterious to pectin. On the other hand,
if the temperature is too low, prolonged extraction time
is requlred and excessive deesterlflcatlon of pectln can
occur. So the recommended range of temperature is between
40 C - 100 C, 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 1nterdependent the extractlon
vprocess should be shorter in duration when temperature

and acidity are high.'

The amount of water used as extraction medium effects
the yield of pectin extracted from raw material.‘ﬁigher
amount of water means higher yield, but also it means that
a greater amountjof extract must be filtered, pumped,
concentrated or treated for precipitation. The amount of
water depends also upon the water holding capacity of

dried raw material.

To acidulate the water, organic and inorganic acids
such as tartaric, lactic, citric, phosphoric, 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 60°C to arrest degradation of pectin. Then
waste solids are separated from the pectin liquor by
centrifuging. The waste solids may be pressed and dried.
The dried pulp can be used as an animal feed.‘The pectin
ling; is fiitered to remove as mﬁch particulate matter

as possible;

The turbid pectin liquer is either decolorized
with aétivatedicarbon,.or after reachiﬁg'abouﬁ 40°c the
acidity isrraiéed 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
liquer is quickly heated:to 85°C to inactivate the enzymes:
and then cooled. In both‘cases the clarified liquer is’

filtered by using filter aids.

The slightly colored clear pectin liquer -is con-
centrated to betWeen 3-5 percent at 60°C or beldw to-
pre&ent 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 sodiuﬁcaibbnate
and filled into sterile bottle to be used in the liquid
form. Liquid pectin is produced in sméll amounts for
household use as it is easie; to use since it can be

directly applied.
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c. Isolation of Pectin from Solution

Two ways are mentioned in the litérature to‘recbver
“pectin from the liqucr. The widély used one is the
precipitation with‘water miscible organic solvents as
. isopropanol, ethanol, or isobutanol. By vigorous stirring
pectin liquor biended‘with an'amountbf solvent which will
provide a final alcohol concentration of 50-70 per cent,
Pectin precipitates as .a gelatinous mass. The precipitéte
is separated from the solvent mixture by preséing. Then it

is washed with alcohol several times.

The second method involves the heavy metal precipi--
tation process using copper 'sulfate or aiuminum‘chloride
as the precipita£ion agent. More commonly aluminum chIoride}
is used as the heavy metal salt. In the case of added - |
“aluminum éhldride 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
chérged pectin coagulates with positively chafged aluminum
hydroxide to form Qreen aluminum pectinate which floats to
the surface. The precipitate is separated frdm mother
1iqu9r,'and the pectin cake is washed‘with acidified .
dilute alcohéito dissolve the aluminum compound. The écid

ih pectin washed off with neutral alcohol.

The pressed pectin is dried under vacuum at a.

‘temperatuﬁenot to exceed 60°C. The used alcohol and
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alcohol from vacuum oven are recovered for further use.

These basic steps are presented on Fi§jﬂ4.4Low
methoxyl pectins are obtained ffom.high methoxYl'pectins

by deesterification methods.

On Table 2 four industrial processes are suﬁmarized.
Threé of these précesses are used by two wellfknownmanu—
~ facturers, namely-H.P.»Bulmer from‘England and Sunkist'
Growers from U.S.A. Two pfosesses of Sunkist»Growers aré
presented there, one process. uses alcohol .precipitation,
thé other one'useS'heavy metal precipitation. fhey both"
produce high methoxyl-.and low methoxyl pectins. Actually
in tiese processes pectin extraction is a batch‘typer
process. They use several eXtraction ﬁanks in series-to
providé a continous flow,throughdut the whole process.
The fourth process is on pilot scale to produce ibw
methdxyl pectin. This is an entirely continous type -

process.
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‘ Raw Material

g

water

acid [

Deesterification
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drying B

QL
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, . drying
separation (cattle'fee%
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X ¢ .
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; .
‘ cation .
| precipitation
- Reqtinate.
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@edtinic.ac'id gel)i —

Drying

Drum drying

i

' or .
- Hif~pectin — : :
. i Spray drying
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Fig.4. General Flowchart of Pectin Manufacture




Table 2. Summary of Different Industrial Processes for Pectin Manufacture

T N -
heferences| »’::e:m fsolubilization of Pectin From Clarificetion of Pectdn Solution fsolation of Pectin From Solution 'm-pm_duct
. citrus Peel, A contlnous process, parallel- (First solid material is removed in Deesterification operation carried Low-methoxyl
H cutted into flow extraction in a stainless {a overflow type centrifuge. Filtra- out in a batch manner, in stainless pectin -
"61; « | slices planched steel steam jacketed trouhg tion is carried out in a conventional {steel tanks, provided with agitator powder
8 and washed in a | water acidified with sulfuric platicand frame filter press precoated !to break gels. In these tanks extract i
§ . continous wooden| acid, extraction at 194°F,with |with filter aid. Solution is cooled | |is treated with ammonia. Methylester ‘| = -
N trouch pressed retention of peel between 20 to avoid degradation during deester- {groups are hydrolysed to aonized
S and dried. min=-30 min,a of 1.8-1.9, ification process by vacuum evaporat- !carboxyl 5. Low methxxyl pectin
o group. xy.
<’ . cooled to 90°F in a foreed _ ion in a cylindrical stainless steel is_precip&tated with acid, at pH 1.5. -
draft evaporative cooler vacnm body to 43-58°F Acidulated water is drained in a
o - * - - .

. loose cloth lined reel and pectin gel
. - . is drained in a loose cloth lined reel

P
X

ry and pectin gel is washed with water
o pressed in rack-and-frame hydraulic !
= g oo press, neutralized and dried in thin mE
B B~ b layers ontrays in a forced draft owen
. at 130°F
lamn peel, - Actually a batch type process., [Waste solids are separated in the - In precipitation tanks clarified Low-methoxyl
macerated Two or more extraction tanks ireel-house. Pectin liquer is mixed 1ligquer is mixed with amrmonium and .
and leron are used to provide continu~ with diatomaceous earth and f£ilter chloride solution. With calcium high-methoxyl
-— oil and ous flow.Sulfu'rous acid is press.Clarified liqut:rois cooled carbonate pH as raised to 4.0, pectins in
3 juice are used to provide a pH 1.8-2.7. in cooling tower to 30°C. 802 is Precipitate is separated from powder fxom.
Fad pressed. Tanks are heated with steam _ {removed by aeration. mother liquor in a copper rotary :
N at 15 psi, injectsd by per- . reel, pressed in hydrolic presses,
g H forated cxross piea, tem- . mixed with acidified alcohol to .
73, .« perature upto 90°C, a total : .{separate pectin from camplex, .
a8 45 min extraction time Peel . i centrifuged, washed with alcohol.
B is extracted two or three C © ' jAfter first alechol wash same
E:‘ times, pectip is deesterified by heating -
5o - . ) to 35°C for 15-20 his, in acidified
YN ¢ : . N . alcohol. Remaining pectin is washed
2% ) with alechol for second time. Then
E % . . deesterified and-non-—deesterified
<]
S .

pectins are neutralized with alcchol |
and ammonia mixture. Dried is two- !
stage vacuum dryer.

. Orange peel Actually a batch type process, . {Pulp is separated pectin liquor is - |Pectin is precipitated in precip- . .|Low methoxyl
s fram ofl 6 fir extraction tanks are a rotary vacuum string filter. . itation tanks using isopropyl alcchol.  {and high
= extraction used with sweep agitators. Liquer 48 filtered in four plate Pectin is washed two times, in drain  [methoxyl
Oﬁ' is shredded Saturated steam is ‘introduced and frame £ilters with diatomaceous screws pectin is separated from pectins in’
= through perforated pipes,with  Jearth as filter aid.Clarified _*' jaleohol. Dried in air dryer. If low  |powder form.
# 3 N hydrochloric acid pH decreased ligquer is concentrated is vertical .° {methoxyl pectin is required before Also pectic
2SEN - below 3, mixture is cocked for |tube double effect evaporators. °. drying deesterified in hvdtochloric acid,
E gog : 30-45 min. - ‘ : o acid solution. . turonic acid
O b produced.
location l~Peel handling Location 4-5011d liquld separation Location 9-Two stirred tanks for was- |Low methoxyl
Location 2-Peel feeding,washing |in plate and frame filter presses. |hing pectin concentrate and precipi- and ’
E Lo Location 5-Extracted peel washing tation tanks with aloohol/pectin high methaxyl
Citrus Peel location 3-Extracticn in multi- [location 6-Second solid-liquid ratio control. ’ .
E gtage stirred tarks separation in plate and frame D:x:aticn 10-Centrifuges to separate
N with acid. filter presses. in
Location 7-Pectin uq\nr clarifying Location ll-Pecipitate washing and
E using filter aids and plate and-frame |neutralizing with amronia. S :
& filter presses. Location 12-Centrifuges to separate B |
. X% Location B-Pectin liquar concentration {pectin .
a o in multiple effect ewvaporators. location 13~-Drying in cabinet dryer :
= .

and twostage dryer,
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Flow diagram of pectin manufacture from citrus peel on a pilot plant scale
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C. ANALYTICAL METHODS TO DETERMINE THE QUALITY OF PECTIN

As pectin is a netural preduet the analytical :.
mefheds used to determine the pectin quality differ from
the methods used for synthetic products. For example as
pectin is a polysaccharide it does not have avmelting
point, because pectin decomposes upon heating. The
analysis and characterization of pectin should inclﬁde

some of the following determinations :

1. Moisture content

2. Ash content

3. Amount of free and esterified carboxYl greups
| 4. Amount of acetyl groups | |

5; Viscosity measureﬁents ‘

6. -Jelly grade

7. Setting time and temperature

1. Moisture Content

An entirely dry pecﬁin product is not desirable.
Excessive drying causes degradation of pectin and a |
completely‘dry product would absoib moisture from
atmosphere. A product containing 10-15 per cent moisfure
is stable (Graham and.Shepherd, 1953). Moisture content
of pectin is determined by drying it under vacuum between

5-20 mm. Hg either.from four hours at 100°C or for 16

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

i

Washing pectin with acidified alcohol is desirable’

before drying, so that little or no correction'fdf ash

is necessary. Beéause volatile impurities such aé ammonium
salts, some cations suc¢h as aluminum, iréh and others-may»
‘give wrong results in ash determination (Owens, et.al. o
1952). Usualiy ash in pectin is.determined in the following
way: The sample is ignited slowly, heated for three or |
four hours at_GOOOC, cooled to room.teﬁperature and

weighed (Owens, ét.al., 1952) ..

3. Amount of Free and Esterified Carboxyl Groups

Besidés partially esterified polygaiacturonic’écid
pectin_confains ten per cent or more of organic materials
which are composed of arabinans, galactans and other
sugars. The informétion on the percentage of anhydrb—
galacturonic acid is necessary to détermine the purity
and the degree of esterification of pectin. Fbr this.
determination essentially four methods are used in
literature : |

a. Carbazole Method (Mc Comb and Mc Cready.1952)

This is a colorimetric method. Pectin is deesterified
in sodiumhydroxide solution. Deesterified and diluted

pectin solution is heated. in concentrated sulfuric acid.



Carbozole and ethanol are added té,thé cooled solution
and the mixture is allowed tg stand at room temperature.
The color ‘intensity of the mﬁxture is detefmined with
light of wave lenght 520 mp. A standard curve prepared
with galacturonic acid hydrate is used to obtain the

anhydrouronic acid content of the pectin sample.

"b. Decorboxylation Method _(Owens, et. al., 1952)

B

The pectin sample is heated in 19 per cent hydro-

23

chloric acid solution under carbondioxide free . condi -

tions.Sodiumhydroxide is used in the absorbtion tower to

absorb liberated carbondixoide. Excess alkali is_titratéd

with hydrdchlorid acid. This amount of acid is substracted

from the amount of acid required for titration of a control

standardizatioh of the alkali and the net amount of acid

in ml, V, is used in the calculations.

N x Vx 88
% AU A = — x 100 (1)

w x 1000

where w is amount of the pectin sample in grams.

¢ . Titration Method

Methos used by Ahmann and Hooker (1926) and by

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

Ammonia and ash free pectins should be used in this method.
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At first pectin solution titrated with standardized
sodiumhydroxide solution. The end point is determined

by using pH meter. Hills, et.al (1945) determined the

t

neutralization point of pectinic acids to be pH 7.5. A
titration curve of a 0.5 per cent pectin solution is
presgnted on Fig. 22.Using the amount of alkali consumed.
in the titration (Vl) equivalent weight or thelfrée acid
groupé of'pectih is determined'

1000 x w

s-wE = N x Vy ' _— (2)

The neutralized solution is used to detefmihe the
methylester‘groups. For thié purpbée.the necessary amount
of alkali ig added fo the neutralized solutioﬁ for Sapon—
ifidétion of pectin. Saponification is arrestedfwith acid.
-The solution is backtitrated with alkali to the same end-
point as before (pH 7.5). The amoun} of alkali consumed
(Vz) in ml in the back titration is used té calculate the

amount of methylester groups.

N x V2 x 31

oo

MeO — x 100 (3):
w x 1000 '
31 being the molecular weight of the,-D_CH3 group.

Knowing the équivalent weight, methylester content
and alkalinity of ash the amount of anhydrouronic acid

(A.U.A.) can be evaluated (Mc Comb and Mc Cready, 1952)
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w x 1000
Z = : ~ : -
N(Vl + V2) + milliequivalent of ash
§ A.U.A = 218 100 | (4)

Z

176 being the molecular weight of anhydfouronic acid.
Then degree of esterification DE is determined by (TUBTAK

Gida {jnitesi, 1973)

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

31 x (% A.U.A)

oo

" d. Zeisel Method (Hills, 1945)

This methoa is uséd to determine the methylesterv
groups more precisely.There are some major.disadvantages :
sucﬁvas time consumed, speéial apparatus needed and a
pretreatment of the pectin sample‘5£eded;‘Glycosidic'
and ether methoxyl groups are measured inAtheSdEG_manner

as éstermethoxyl groups.

Mc Comb and Mc Cready (1952) have compared the
first fhree methods, and they have obtained similar

- results by all methods.

BOGAZICI UNWERSITESE KUTUPHANES
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4. Amount of Acetyl Groups (Owens, et. al., 1952)

Sugar beet pectin and some other pecfins céntéinﬁ
acetji. groups. Their determination involves saponification
'of pecfin sample with sodiuthdroxide solution and stéam
distillation of the dilutea saponified solutioﬁ with
magnesium sulfate- sulfuric acid mixture. This distillate
contains‘acetic acid. It is titratéd with alkali toia
phenol-red end-point using V ml of alkali

, N x V x‘43 .

% (—OCCH3) = — x 100 ' (6)
’ w x 1000

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

5.'Viscositg

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.

ViécOsity of a pectin solutioh mainly dependé on
',jconcentration,'pH, salts added, size of'polygaladtﬁronic
acid cﬁain and_temperaturé. Viscosity.of a pectin so;ution
‘decreases as the'température increases. Thin pectin solut-
ioﬁs show Newtonian fluidiproberties, but - as pectin con-
centrationlincreases, or Whén polyvalent ions are added
pectin solut;ons show pseudoplastic properties (Nagy, et..

“al., 1977),
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Ohn (1926, 1930) investigated the :effect of sugar,
acid and concentration of pectin on ﬁhé gélling power of
péctin- by‘measuring'the relative viscosities of péctih,
solutions. He showed that a relationship ekists between

the gelling pbWer and the relative viscocity of pectin

~solutions.

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

concentration,. chgnge of pH, presence of sodium chloride

" or urea and change of temperature on the relative vis-

cosities‘of ageous solutions of purified apple and citrus
pectins.They shqwed that the relative viscosity is.uneffeéf
ted by changes in pH in the fahge of 1-7 as the concentr‘
ration of pectiﬁ'is increased above 0.5 per cent. They
stated also that changing the_temperature from Ooc_to

50°C has little influenée on the relative~Viscosity of
pectin solutions attconcentrations'below 0.05% per’cent.

At higher concentrations the relative viscosify_decreases

with the increase in temperature.

They also deduced the shape and size of pectinic

acid molecules from intrinsic viscosity measurements.

e . s : oo in Wy
Intrinsic viscosity is defined as u = _
et s c o
c—»0

where - is the relative viscesity, ratio of solution

Bt A B e A i A . I A e A B A A & AL AN AT

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 1ln p./C v s C data to C=0. The
_intrihsic viscosities of pectin solutions decrease with -
rise in temperature and are essentially independehtiof

pH and methoxyl content.

Speiser and Eddy (1946) investigated the effectb
of molecular weight on the gelling behaviour of pectin.
" They found oﬁt that the strengths of hydrogen bonded
gels afe primarly determined by molecular weight of
pectin, gel'strength; increasing with increasing mole-
_cular weight,and independent of degree of esterification.
The strengths of ionic bonded gels'are less effécted'by
molecular weight.They are strongly dependenﬁ on dégree

of esterification.

Owens, et.al(l1952) prepared a curve, presented on'

Fig.8, using Martin's exponential equation. -

| . : . .
pap/c = D] & [+ . (7)

where u is intrinsic viscosity, wu specific viscosity .

sSp
(kr-1) and C the concentration of pectin solution is in~

g/100 ml. (Owens, et.al., 1946). The constant k' is
‘dependent upon the size and shape of solution molecuies.
By preparing the Fig.8'_théy assumed k' to be 0.40. .,
Specific viscosities of 0.1 per cent by weight solutions
are measured at 25°C and pPH 6.0. Knowing the relative
viscosity of a pectin solution intrinsic viscosity can

e deduced from this curve.

> iy veen

-y

e vy

C prEmy e b pm g




- (dl/gr)
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intrinsic viscosity

Fig.8 ‘Intrinsjzviscosity v.S.

(Owens,. et. al., 1952)

1.5 1.6 1.7 1.8
(relative viscosity
(c=0.100 & w/v)

relative viscosity for 0.100 per cent pection solution

1.9 2.0

6C




30

6. Jelly Grade

Commercial pectins are evaiuated in terms of an
unit called jeliy grade. This is defined as the nﬁmber of
pounds of sucrose with'which one pound of pectin will .A
form a standard jelly containing 65 per cent sﬁgar solid.
Many methods-are developed for measuring jelly grade of
pectin prebarations (Bender 1949, Cox and, Highby, 1944,
Joseph aﬂd Baier, 1949, Owens, et.al, 1947). Today a
method accepted by the Committee of Pectin Standardization
of the Institute of Food Technologists is used by manu-
facturers (IFT Commitée, 1959). Tﬂe usuai grade levels
of commerical pectins are 100,150,260 (Frank, et. al.,

1962)

- Owens, ét.»al (1952) showed the reiation 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

Various pectin prepafations will solidify a batch
- of jelly mixture into a firm jelly after different periods

of standiqg; . which is called setting time. There are

two kinds of commercial pectins : rapid setting (at 90—95°C,'

within a few minutes) and slow setting (at 50-60°C in
approximately one hour). They are used for different

purposes. Rapdd setting is desirable for products like
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Fig.9 Relationship between jelly grade and intrinsic viscosity of pectins.

(Owens, et. al., 1852)
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preserves where sblid fruit particie Will flodt to the
surface when the mixture does not bégin‘to set quickly.
Slow setting is required for jellies which must be fiiled

- into containers before setting starts. The setting time

is influenced by the temperaturé and pH of'the jelly
mixture; Also the decrease in methylester conteﬁt lengthens

the setting time. The addition of certain buffers will also

delay setting (Joseph and Baier, 1949).
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I11. EXPERIMENTAL WORK

The main faw mafefial uséd in this work was dried
A apple pomace.‘Juibe'éf ninetyvkilogramﬁ:. Amasya applelv”
was pressed off ih the hydraulic press bf Tiibitak Gida .
Unitesi Pilot Plént. Fresh apple pomace obtained was>v
dried in an,ovénfat a temperaﬁure’lower than 9OOC,.

yielding five kilograms driedlapple pomace.

Each experimental run involved the following four

- steps :

1. Extraction of pectin from dried apple pomace
2. Clarifibation of the extract
3. Recovery of.pectin from extract B

4, Analysis of pectin

The ekperimental[set-up, chemicals and experimental

procedures will be considered for each step separately.
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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 bafh

c. Mechanical stirrer
d. Heater

e. PpH meter

f. Thermometer.

1The syStém is shown on Figure 10. The extraction

vessel is ma@e~of stainless steel and has a capacit& of
three liters. It is covered by a lid which hés three holes
to insert the thermometer, the electrpde of the pH meter
~and the sﬁirrer into thé pomace and water.mixture.:The
water bath was heated with a (Haake E52) constént tem-
perature immersion circulator. The tempefature of the
bath was regulated and ﬁeasured with a contact ther-
mometer-The’pH measurements were made using a. Photovolt
112 pH meter eéuipped with a combined glass electrode
(Ingéld( U 402-K7). The extractionnmixtu;e was stirred
with Baird and Tatlock Laboratory Stirrér havinéiafl/lOO

horsepower motor giving speeds up to 2500,rpm.A
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2. Clarification of the Extract

36

To clarify the extract the following instruments

were used:

a. Centrifuge : International Chemical Cetrifuge
(International EquipmentvCo.) consists of stainless
- steel draining ¢hambér, sliding cover and'five¢inch
diameter basket. The hole sizé of the basket is too
large to hold the waétespomace. At first the inside of
the basket was covered with filter paper. Whenlwetted
in use the filter paper was térn at the baske£ holes amd
cbuld hot hold the wéste solids. This probiem was solved
by putting a étainless steel wire mesh inside the basket
periphery ﬁhich was also covered with filtér,paper. In .
this manner only very small pérticles'paésed through the

wire and filter paper which were separeted later easily

by filtering.

b. Evaporator ' : Rotary evaporator (Blichi 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 followihg instruments :
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a) Vacmmzpump‘::TO drain the /precipitate in the

Blichner 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 1t/min

3

0.1 x 107 ° mm Hg.

ultimate vacuum

b) Vacmmipwm:: In connection with the vacuum oven
a twofstage; 0il sealed, rotary slide—vane,pﬁmp (Brahd
RD4) was used with the following séecificatiqns

pump revolution , o ':1420 min_;
volume flowrate o . :4.3‘m3/h
ultimate total préssure with gas ballast :4x10_3mbar

ultimate total pressure.without gas ballast:2k10f3mbar

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

Koll. St. with following specifications :

maximum temperature : 250 °c

.maximum vacuuny : 0 mm Hg

d. Laboratory glasswares.



38"

4. Analysis of Pectin

The pectin saﬁples 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
speéds (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 ) |
A '

1. Extraction of Pectin from Apple Pomace

The hydrochloric acid, HCl, used to acidify the
water wés 30 per cént 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

N
\

To precipitated pectin from the extract 99 per cent

pure ethyl alcohol was used which 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.

Sulphuricvécid,'HZSO4, 98.5 per cent pure,and

manufactured by Piir Kimya Sanayi.

Distilled.wéter was used in all experiments.

C. EXPERIMENTAL PROCEDURE

l. Extraction of Pectin from Apple Pomace -

The extracﬁgon medium wés acidulated water,Distillea
watér was'useq in a ratio of 16 parts per part of dry |
pomace by volume. The extraction vessel containing three
liters of distilled water was put iﬁto.the water bath. -
Addihgﬁf~concentrated hydrqchlorié acid with.é 10 ml
pipet the acidity bf the water was'adjusted to the ex-
traction pH as the vessel was being heated to‘the desired
extréation temperature. To measure the pPH 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. The vessel
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was covered, and the electrode of the bH meter, the
thermometer and‘thé stirrer were inéerted iﬁto the
wvessel. During the extraction pH and tehperatﬁre‘of 3
the extraction mixture were COntfolled and the ﬁixture

was stirred continuously. At the end of extraction

process the mixture was cooled in cold water.

2. Clarification of the Extréct

Pomace was separated by centrifuging the cooled
mixture. After the extract was filtered approximate 60
per cent of it was evaporated in the rotary exaporator

at a temperature around 55°C

3. Recovery of Pectin from Extract

By vigorously stirring in beékers 80 per cent
ethylalcohol, acidified with hydrochloric acid to pH‘
around oﬁe, was added fo the extract in a ratio of
three pafts per one part of extract by volﬁme, The
mixture was allowed to stay overnight to permit the
pectin gél to rise to the surface of the container.b
The gei was drained in‘a Biichner fuhnel by vacuum /
pumping and washed with alcohol. Drained pectin‘was_

put into evaporating dishes and dried in vacuum oven

under 400 mm'qu; pressure at a temperature aroﬁnd 50°¢

The wet pectin was'spread in the evaporating dishes so

that it dried in the formof thin sheets. These sheets

40
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’ :
were separated easily from the surfage of the evaporating .
'dishes. The dry pectin wasvweighed; and the yield of each
experimental run was obtainéd on dry pomace basiéfwhich

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 anhfdrourbnic acid contents of pectin were determined
for each expérimental run. Degrees of esterification bf
each samplé werebcalculated} Absolute. viscosities of one

per cent pectin solutions were measured at 25°%¢. |

a. Equivalent welght

Titration method (Owens, et. al)»1952)'was‘used.
Approximately 0.5 g pectin was dissolved in 100 ml.
- carbondioxide free distilled water. The solution was
titrated to pﬁ 7.5 by adding 0.1 N NaOH solution from
25 ml. buretté. The amount of alkali consumed in the
" titration was‘used in equatioh (2) to calculate the -

equivalent weight of the sample on moisture free basis.

b. Methoxyl 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
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NaOH solution was added. The solution was allowed to
etay at room temperature for 30 minutes. Then 62.5 ml

of 0.1 N H,50, solution was added to arrest the sapon-

4
ification. The solution was back titrated to pH 7.5 with
NaOH solution. The amount of NaOH consumed in this

tltratlon 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-

¢ in the Appendix. .

c. Total Anhydrouronic Acid Content

Assumlng that total ash wae removed with the
acidified alcohol. during the prec1p1tatlon (Owens, et. al,
1952) total anhydrouronlc acid content of pectln 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 prccedures outlined by Owens, et.al,

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

" in the following way :

Pectin saﬂples were but into crucibles and weighed.
'They were then put into on oven to stay overnlght at
50-55° C The samples were welghed and put agaln 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 waé,éonsidered.to obtaih constant Qeight.
The different between: the first Weight and the last weight
was takeswas the moisture cohtent_of'the pectin,'MoistUre

content data are presented on Table § in the Appendix,

Vo

f. Viscosity

One gram sample of dry'peétin were dissolved in

100 ml of distilled water by stirring vigorously. The pH

of the solutions were measured to be around 2.5-2.7. Water.

at 25°C was circulated in the tempering vessel of Haake
Viscometer. Sensor'5ystem>NV was used in the measureﬁents,
and the measurements were_made at 181 rpm and 45.2 rpm
bspeeds of the viscometer. Viscosity in terms of centipoise
was calculated froﬁ the equation (instruction Manual, Haake

Viscometer VT 181)

u=FxUxS8 . _ , (Bf




where VF is a constant for the sensor system of the

Viscometer, for NV F =

U 1is the speed number,

0.24

1 for 181 rpm

4 for 45.2 rpm

S is the scale reading

Viscosity measurement data are

the Appendix.

of the Viscometer -

presented on Table 9 in

44
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IV, RESULTS AND DISCUSSION

In this work the prec151on and the accuracy of the

analytical methods used to determlne the pectln quallty were

investigated be51des the effects of the three process varlables

|
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 quaiity'cf the pectin
obtained. The brevious studies summarized in Chepter II of

this work were taken into consideration in determining the
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Y 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 : ¢ 2.0-3.0

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

The conditions of eight of the nineteen experimental runs

|
|
(75C, 45min,pH 3,0)

* (60C,30min, pH 2. — _.'-._.__._l_.__._...l@O'C,:-}Omln,pH E)
| NG | S
\\\\ , : | \.
: i \,
RN 1 45min,pH25) | N |
(60C}60minpH25) . . — ,s_o C60minpK[25)
""""_““T.‘ -
pH |- \\
N
| N
(75C45minpH,20) N,
T . /}‘\\
(0 ‘
1 (i)

" Fig.1l. Pictorial representation. of the extraction conditions.

performed in this work are represented on Figurelll. 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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13.8

Experiment no. 12 | 15 14 | -16 | 17 " ].19 18 13
Amount. of HC1 , o
added (ml) 6 : 10 5.75‘ 9 6.5_ 10.25 5.7 ‘6.5
Extraction pH 2.5 | 2.5 | 2.5 | 25 | 25 | 2.0 | 3.0 | 2.5
Extraction : , : . ‘

7 ature °c) 60 60 90 90 75 . 75 75 60
{Extraction Time‘ » o ,

(min) ‘ 30, 60 30 » »60 45 45 45 . 30
Moisture Content (3) | 3.1 | 4.5 | 4.0.| 6.2 | 6.6 |14.2 |7.2 | 2.8
Methoxyl Content (%) o : - 4
(moisture and ash 4,62 | 4.41 [ 4.15 | 5.17. | 4.59 [4.98 {6.02 |4.58

free basis)- : : : S
Anhydrouronic acid ‘
Content (%) : _ o
(moisture and ash 41.62 |40.15 ]43.11 |50.31 }42.01 60.33_. 52.02 | 42.60
free basis) . o S | . X
Degree of Esterifi- : - s |
cation- (%) £ e 0a Hes 73|
(moisture and ash 63.00 [62.42 |54.59- 58.35; 5?.94: 46.86» 65.73 | 61.00
free basis) “ | |
Equivalent weight _
(moisture and ash ' ’ . - : : |
free basis) 1063 | 1164 898 839 | 930 551 987 | 1060
Absolute Viscosity - _ 1 3 o ‘
(@) ‘ 1.44 | 1.92 | 4.08 | 3.12 | 3.36 1.70_ 2.16 l¢491
vield (%) 6.3 8.6 11.7 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 prbbably had unaCceptabiy

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

PH meter.

Runs 12,15,14 an@ 16 were performed bf keeping the pH
of the extraction médi@m constant a£ 2.5 in order'fo see the
effects of extraction time and temperature. In thé,Runs 17,
18 and 19 the extraction time and témperature were kept‘
constant at 75 C and 45 minutes and tﬁe effect of pH'wés
observed. The.Run‘l3vis a‘repetition of the Run 12 performed

to test the reproducibility_of theAextraction experiments.

B. PRECISION AND ACCURACY OF THE

ANALYTICAL METHODS USED

In an effort to determine the precision and the
accuracy of the analytical methods used in this work two

procedures, as outlined below were performed.

Firstly, the pectin sample obtained in Run 16 was

analysed for its quality in‘dublicate. The results of this

duplicate 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, the
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/Table 4. Comparision of the Duplicate Analytical Results for Run l6.

Experiment no. 16(1) | 16(2) | % Difference

Methoxyl Content (%) _
(moisture and ash 5.17 5.02 | . 2.94
free basis) '

‘Anhydrouronic‘acid ‘ . A |
| Content. (%) 50.31 | 50.35 0.08
(moisture and ash -

free basis)

begree of | s8.35 | 56.60 | - 3.04 | o
Esterification (%) , - | |

Equivalent weight . ‘
(moisture and ash 839 - 805 4,14
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 detérmine théyaccuracy of the
analytical methods used a portion of the same sample was
submitted for analysis in the quality testing léboratory of a
pharmaceutical firm, namely Ibrahim Ethem Ulagay Kimya Evi
T.A.S..The comparative results of these tw0 analyses are shown
on TableAS below. Since the two seté of experiments were
ﬁerformea by different analysts and using.the same methqu

but probably‘usihg soiutions of‘differént‘concentratioﬁs the

discrépency between results as shown on Table 5 should be

considered acceptable.-



50

Co : Lo I
Table 5. Comparision of the Analytical Methods for a Commercial Pectin.

Analysis made in | Analysis naﬂe in
- the laboratory - the firm

Methoxyl Content (%) , .
(moisture and ash 7.79 ' 8.73
- free basis) :

Anhydrouronic acid

Content (%) 77.25 88.26

(moisture and ash
free basis)
Degree of - 57.25 56.15

‘Esterification (%)

C. DISCUSSION OF THE RESULTS OF

. THE EXTRACTION EXPERIMENTS -

The‘discussion of the experimental results will be
made in accordance with tﬁe expe:imehtal design shown on
Figure 11. Thus, firstly the experiﬁental results at constant
pH, i.e. pH 2.5, and varying the extraction tempeiatdre and
time will be discussed to bring out the the éffect of these
two variables on pectin yield and'qualiﬁit 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

i yield, the methylester and anhydrourbnic acid contents and

- degree of esterification of pectins and on the absolute

viscosity of the pectin solutions will be discussed.

a. Effect of Extraction Temperature and Time on

" Pectin Yield

Figure 12 sths'the changeé of.pectin yield with

14.0f R /

0]

90°C

Pectin Yield(%)

6.0 " v /8an 3
30 60

extraction time(miﬁ)

Fig.1l2. 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
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is.convefted into water-soluble pectir. Similar resulﬁs.weré

obtained for both temperatures studiéd (60°C and 90°C).lYieldf
vs extraction time lines obtained fof each’temperafure seem to
}'be parallel to each oiher. Thus, it is seen that yieldVindrease
is directly related to the extraction time and'ﬁhe time éffect

is similar at all levels studied.

b. Effect of Extraction Temperature and Time on the

Anhydrouronic Acid Content of Pectin

The purity of pectin extracted is indicated by the
amount of total‘anhydrouronic acid (0wens;et,,al.}l952). As

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

50. |
®
it}
o
Q
Y
o
Q
0
<
R —0 :
: 40. \\ ———
< T4 | 6o¢ & o
30 a5 60

extraction time(min)

Fig.13. Total anhydrouronic acid content vs extraction

time at constant extraction pH(pH=2.5)
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experiments increeeed with‘tempereture./The1¥eason for this
may be suégestediés beingAﬁhevfact>that exﬁréétion etkhigh
"temperatﬁres causes breaking ef the ester linkagee‘between
polygalacturonic acid and other poiysaccharides(andvsugers.

JAs a result.purer'polygalacturonic acid was 6btained.‘Further-.
more, ‘it is‘also suggésted £hat prOionged heating strengthens
the effect of tﬁe'temperatureksp that a steeplline is obtained
for 90°C.'The‘éurity of pectin exﬁraeted at 60°C shows a slow
decrease which cannot 5e~explained. Maybe it’can be deduced
from this fact that at 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 Pectin

As shown on Figure 14'methylester;content"of pectins
shows a eimilar behaviour as anhydrouronic acid coﬁtent. On .
Figure 14 the two constant temperature lines Cfose each.other'
near 75°C-45 min peint} As it was indicated in section
II.B.2, prolongediexﬁraction at too low temperatures eauses
deesterification of pectin, so extracting atHSOéé for 60
minutes resulﬁs'in pectin with'lowef methylester'contents

as compared-to‘extractingvat 60°C for 30 minutes. Thisi

suggests that before an optimum'poinf near the‘eXtraction_

time of 45 minutes is reached pectinsbwith higher methyl-




Methylester Content (%)

30 .. 45 60 .
o ‘extraction time (min) . _—
Fig.14. Methylester content vs extraction time at

constant extraction pH(pH=2.5)

ester contents are obtained at 1ow temperatures. When the
. extraction time exceeds 45 mlnutes, -higher-temperature is

necessary to extract pectlns with higher methylester content

which seems unreasonable, because high extraction temperatures

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

d. Effect of Extracticn Time'and Temperature on

On Figure 15 the behaviour of degree of'esterification
as' a function of time is presented. At lower temperatures
pectins with higher degreekof esterification are'cbtainea.
Again at 60°C, the time effect is not strong.‘At high S

temperatures prolonged extraction seemed to increase‘the
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degree of esterification of pectin. This is unexplainable.

o
o ©
o | . o -
pe ® Run 13 90°C
O 60.4
o /
a)
N
[i}]
+
v}
€3]
w“
(o]
o
[
]
o
o
Q
50, - .

30 .45 : 60

extraction time (min)

Fig.lS..Degree'of esterification vs extraction time at

cohstant extraction pH (pH=2.5)

e.Effect of Extraction Time and Temperature on

Absolute Viscosity of Pectin Solutions

The relation between absolute viscosity of 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.




Absolute Viscosity (cp)

e
/G)Runl3

2. + . . 6_0°C /
. . . o .

30 60

Extraction time {(min)
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Fig.l6. Absolute viscosity of one weight per

.cent pectin solution vs extraction

time at constant extraction pH (pH=2.5)
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2. EFFECT OF EXTRACTION pH ON PRODUCT YIELD AND QUALITY

| vThe‘effect of-the écidity'of the extraction medium
at constant extraction tempefatufé and time on pectin Yield,
~the methylester and anhydrouronic acid contents and degree
‘of esterification of péctins,and on the absolute viscosity -

of the pectin solutions will be discussed.

a. Effect of Extraction pH on Pectin Yield

As shown on Figure 17 the‘pectin yield increased with

‘14.04%
13.0]
12.04

11.0¢%

'10.0)

Pectin Yvield (%)

2.0 2.5 3.0
extraction pH
‘Eig.l?. Percentage pectin yield vs extraction pH
at constant extraction temperature and time

(T=75°C, t=45 min)

increasing acidity as expected(Graham,et. al.,1953). This



58

is thought to be due to the fact that at high acidities more
protopectin is hydrblysed into water-soluble pectin so that
the amount of pectin recovered will be higher. No. .appreciable

difference between pH 2.0 and pH 2.5 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.

Content (%)

50. |

A.U.A.

G

+

2.0 2.5 3.0
extraction pH

Fig.18. Total anhydrouronic acid content vs extraction
pH at constant extraction time and temperature

(T=75°c, t 45=min)

extracted pectin and the acidity of the extraction medium.

Purity is highest at highest acidity, because the medium is
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deterious enough to bréak«fhe eéter linkages_bétWeen the
polygalacturonic acid and the other polysadcharides and sugars.

4

c.Effect of Extraction pH on Methylester Cohtént of

Pectin ‘

High acidity is also deterious to methylester bonds of
polygalacturonic acids(Graham,et.al.,1953) and pectin with
lower methylester content is obtained at high acidities as

shown on Figure 19.

6.0

5.0¢

Methylester Content (%)

4.6 ¢

2.0 2.5 3.0
extraction pH

Fig.19. Methylester content vs extraction pH
at constant extraction- temperature and

time(T=759C, 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 esterificatioh Qf

égctins eXtracted increased with increasing acidity of the

~extraction medium. This trénd7agrees with the literature(Nagy,

et.,al.,1977).

extraction pH

Fig.20. Degree of esterification vs extraction

‘at constant temperature and time

(T=75°C, t=45 min)
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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 inverse ‘relation. between ‘the absolute v130051ty

of pectin solutions and methylester content of pectins obtalned

In general'iow ester pectine were obtained as the
methylester contents of the pectlns were under seven per cent
(Joseph,l953) The methylester contents and the equlvalent -
weights- of the pectlns obtained do'not agree with the data
obtained from theAliterature.as ShownfonvFigures 22 and 23.

A pectin sample obtained from a"pharmaceutical firm was‘
analysed in the 1aboratory The methylester content and the
equlvalent weight of this pectin were closer to the curves on
Figures 22 and 23, Which means that they agree with the

literature values within the acceptable limits.

Pectins with 1ow'methy1ester.content but with high
degree of esterification were obtalned in this work This

result is in contradiction with the expectatlons.

These deviations of the results from the literature
‘Lmay be due.to impurities present in the pectins prepatea in
" this work. These impnrities, if any, may‘resultvfrom;the‘
‘clarification problems which arose.in'this work. The;use of.

activated carbon and diatomaceous earth to clarify the pectin .

N e e
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2. 3.
- Extraction pH »

Fig.2l. Absolute viscosity of one weight per
cent pectin solution vs extraction pH
at constant extraction time and

temperature (T=75°C,t§45 min)
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liquor(Nagy,et.,al.,1977) was.attempfed in the earlier stages
of this work. However;*the products obtained'from.these
'purification stages gaVe}rise'to filtering pfoblems.of ihe
.liéuor,lso that pectins precipitated from this”liquof were
quite diffe:ent, almost like cakes ofISilty soil. Thna, those

filter aids were not used further in this work.

Pectins with the highest degree of esterifioation'were
obtained. from extractions under mild conditions snch as Run 12
(pH=2.5, T=60°C, t=30 min) and Run 18 (pH=3.0, T=75%C, t=45 min)

which is very logical and as expected.

The errors in the deterninationxOf equivalent weight
and methylestérlcontent may alao lie in the possibility'of
missing the end point of the titration withjthe 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.
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V. CONCLUSIONS AND RECOMMENDATIONS
" FOR FUTURE WORK

From the‘experimental‘reeults-obtained in this

work it may be concluded that at mild cotditions,tthat_is

at low extractibﬁ temperature and low acidity, low yields

of pectin with high degree of esterifieationiare thained.
Duration of‘the ekXtraction precess_dqee not seem to strongly
affect the results at these conditioﬁs. 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. 5.60°C
extractlon temperature acceptable levels of pectln yleld

and quallty are obtalned

Asiseen in Section Iv.a an@;discuSsed‘i?*éégtienrxv.c,
the resﬁlts, that is the equiﬁa;ent weight, the methylester'
and anhydrouronic acid contents:of pectinskobtéined,'show'
deviations from theilrterature. As stated in‘ChapterfIV,
filter aids could not be used to Clarify the pectin liquor,

and this may cause the deV1atlons observed Therefore,

first of all the proper way of u51ng the fllteralds in
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clarifying_the pectin'extract should pe/investigated in

- order to see whether: the employment éf‘;uch'clarificationands
awyﬁgthe deviationg‘in the results. Sepératidn of fiitéréids
from the extract:in Blicher funnel may bé inefficient as very
barticular filteraids; such as diataméoué earth, may pass-
thrpugh the sides of filter paper into the filtrate.,The
.eﬁployment of other filtering equipment may impréﬁe‘the

-filtration process.

Dispersion of dry peétin in watéf is>very'difficult;
When~introduced‘into water particles hydrate on thé sﬁrface_
forming a gummy coating, and absorbtion of water is 51owéd
down. This difficulty may be avoided bvaetting the powder
pectin with glcohol. However, this.treatment is useless
.when dissolving the péctin§ which are dried'ihvSheet form.
Dispersion of them in water takes a longer time‘eveh if
the solution is agitated vigorouslyé For easier disﬁersibn»
in liquidé tﬁe pectins should be either ground‘aftér drying
in sheet form or the concentrated pectin‘liéuor should be

'spray dried.

An optimization of ‘the aﬁount of water uéed as the . -
extraction medium is necessary,.because its amount éffects
the pectin yield, the amount of alcohol‘used»to preéipiﬁaté
the pectin and other processing costs, i.e;”pumping, filtering

and concentrating the extract.



68

After improving all the steps mentiénedvabove the
experimental désigﬁ’cube in Figure il Shéuld be'completed
to obtain more reliable conclusions on pfocess vafiables.
‘At least extractions should be ‘done at 75°C extractibn
temperature for 30>minu£és and 60 minutes to provide'the
behaviour of the other'two‘constant’tempeiature-lines at
‘constant pH. The repetition of constant temperatﬁre and
time extractions at Qaryiné pH for at leaS# one:other
extraction temperaturé and time will be gdod-to compare
the efféctlof Varying extraction.?H‘aﬁ different extréction

temperatures and times.
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APPENDIX



Table 6. Data for Titration Method to Determine the Quality of PectinS'Obtéiged (béfore'-

Moistu:e‘Determination)

14

16

cation of pectin |

"(ml)»._‘lv

Experiment no. 12 15 17 19 18 13
Amount of Pectin:

Dissolved in S : 1 -
100 ml water (g) .9.5960 0.5000 0.5012 0.5004 9.5013 0.5016 | 0.5000 | 0.4965
Normality of ‘ ' o : : '

NaOH Solution 0.09318 0.09318  |0.09318- .1 0.09318 }0.09318 0.09318 0.09318 0.09318
Normality of 4 ‘ ' : L : K .

HpS04 Solutlon 4 17959 | 0.11959 . |0.11959 | 0.11959 = [0.11959 |0.11372 | 0.11372 | 0.11959
pH before first S A - . . ' - ' -
titration 7;5» A,jﬂs,_' . 7{5__ .>.7($ ..... .'7ﬂ5. 735 _ 7.55 7.5
pH after first ‘ o

titration 2.8 - -2.85 . 2.8 2.8 2.8 2.6 2.9 3.1
Volume of NaOH

consumed in the : ' : ,
Firet titr: (my) | 95| . 44 5.75 6.0 5.4 8.3 5.0 4.9
Amount of NaOH: , » v o - o . ‘ .
used for saponifi- 67 67 67 67 67 67 67 67

L



Table 6. continued.

Amount of H2804

used to stop the

52

second titration

saponification (ml) 22 32 52 52 55 3> 52

pH before second : A

Titration 3.9 '3.85 | 4.1 3.9 3.72 | 4.1 3.5 3.9

pH after second _ : -

titration 7.5 7.5 7.5 7.5 7.45 7.5 7.5 7.5

Volume of NaOH '
consumed in the 7.83 7.3 6.9 8.4 7.45 7.35 9.6 7.65

SL



Table 7. Data for Titration Curve of Pectin Solution

(1.0 g Pectin / 100 ml water) (Fig.24)

Amount pH of | Amount | pH of Amount | PH Of
of NaOH s of NaOH | pectin pectin:
~(m1) ggfﬁi? (ml) soln. of(zigé'_ soln.
o | 3.5 | 6.25 | 4.38 | 11.25-| -9:90
| 3as o
1.00 | 3.18 | 6.50 | 4.48 | 11.50 [ :10:00
1.25 3.;9 ' 5;00 4.68 | 11.75 | 10,00
1.50 | 3.20 | '7.50 | 4.90 [ 12.00 | 10.05
~ ;175t 3.23 | 8.00 5.50 12.56_  10.20
2.00 | 3.25 [ 8.25 [ 5.85 |. 13,00 »io;3p
2.25 | 3.30 | .8.50 | 6.43 | 13.50 | 10.35
2.75 | 3.40 ’a8.75 7.30 14.00 | 10.40
3.25 | 3.50 9.00 | 7.88 | 14.50 [ 10.45
3.50 | 3.60 9,25 | 8.42 | 15.00 |  10.50
4.00 | 3.70 9.50 As.al 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 _»;6:75
5.25 | 4.03 | 10.25 | 9.50 | 19.00| 10.80
5.50 | 4.13 10.50 9.65 | 20.00  10{85'
5.75 | 4.20 | 10.75 | 9.75 | 21.00 qu,éo
6.00 | 4.30 | 11.00 | 9.85 ‘zé;oo

. 10.90




10.Y

PH of the solution

l. 2. 3, 4. 5.6. 8. 10.

Amount of NaOH added (ml)

12,

14,

16.

18.v

20.

Fig. 24. Titration Curve of 0.5 “Height Per Cent Pectin Solution

22,

Ll



Table 8. .. Data for Moisture Detérminatidn of Pectin 'Samptles>0bta7i'ned,-

Experimentalv;\

S 12

Pectin after
| brying (g)

Run 14 16 17 19 [ 18 |13

Weight of ' ' : o : B ’ -
Empty Crucible| 19.0179 19.5113 | 18.3385 | 19.5800 | 18.7694 | 19.1450 | 18.4145 | 18.4100
Weight of

| Crucible and ‘ . - : _ '
Pectin before | 20.6646 20.5972 | 19.9411 | 21.0975 | 19.7543 | 20.2510 | 20.2248 | 20.5114
Drying (g) - S I SRRIEINREN ISR T (U FE :
Weight of 4 . | » : |
Crucible and | 20.6137 20.5487 | 19.8765 | 21.0045 19.6896 | 20.0908 | 20.0870 | 20.4524

8L



Tablé 9. Data of Viscosity Measurements (1.0 g pectin / 100 ml water)

Experimental Run.

12

15

N S

17

13

Temperature of the
"~ | Solution ( C)

25.2

| 25.2

pH of the solution

2.6 -

. .2.5.

S (scale Reading.
at U 1)

17 -

S (Scale Reading
at U 4)

6L



80

Table 10. Data for Experlments to Test the Prec151on

‘of Analgtlcal Methods

Experinent No. T 16 | w6
| Amount of Pectin e
Dissolved in ' ' :
100 mlwater (g) 0.5004 0.5000
Normality of’ NaOH ——
Solution _ 0.09318 | 0.09318.
-] Normality of HZSO4' : L L o
Solution - 0.11959 9.11959
pH before first - : ‘ ‘
titration - 2.8 1 2.9
| pH after first B B
| titration - ' |- 7.5 1.5
‘Volume of NaOH consumed : SRR
~in the first tltrat:on , 6.0 6.25 -
Amount ‘of NaOH used for o
Saponification of Pectln 67 67
(ml) e S
Amount of H,SO, used to _ :
2 4 52 52
Stop the Saponlflcatlon o
- {ml)
pH before second - - _ L
titration. . 3.9 3.6
pH after second
titration .. . B 7.5 1 7.5
Volume of NaCH consumed ‘ 1 4
in the second titration 8.4 - 8.4
.Aml) .. ' ‘
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