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The preserve manufacturer is hecoming ever more cog- 

nizant of the need for close control of process and char- 

acter of fruit ingredients in his endeavor to place on the 

market a product of uniformly desirable quality. Flavor 

and color characteristics of the finished preserve or 

Jelly are largely dependent upon the initial quality of 

the raw or frozen fruit ingredients and upon handling prac- 

tices throughout the processing stages. Almost equally 

important as a quality consideration is the consistency of 

the finished preserve, or firmness of the jelly, which 

characteristic has been known since the original iirork of 

Braconnot in 1831 to be a function of the pectin constitu- 

ent in the fruit. The optimum degree of gelation is ob- 

tained in the product only when the preserver is able to 

maintain in proper balance the three constituents: 

pectin, total soluble solids, and acid. Of these, the 

latter two can be rapidly measured in the factory by use 

of a refrsctometer and pH potentiometer, respectively, 

with sufficient accuracy to satisfy the control needs of 

the process. However, little success has yet been 

achieved in applying instrumental analysis to the rapid 



estimation of pectin in fruits and fruit Juices as a con- 

trol technique. The preserver continues to estimate the 

pectin content in the fruit ingredients he uses on the 

basis of trial batch and past performance. Standard lab- 

oratory procedures for determining pectin content involve 

controlled hydrolysis with acids or bases, difficult fil- 

trations, lengthy drying periods, or measurement of evolved 

gas. Such operations do not lend themselves to quality 

control testing at the processing stage. 

Although commercial pectin frequently is added to 

supplement the natural pectin of the fruit ingredients in 

the preserving process, natural pectin contributes sub- 

stantially to the final consistency of the product in the 

case of many fruits. TUlde variability occurs in the nat- 

ural pectin content of the fruit ingredient where the pre- 

server is supplied with raw or cold-packed fruit or juice 

in many lots obtained from different areas, harvested at 

different stages of maturity, and handled or stored under 

varied conditions before it reaches the preserve line. 

Until this variation in natural pectin content can be 

rapidly determined and adjusted for, the goal of uniform 

oonsistency in the product cannot be met. 

Much attention has been given to the problem of esti- 

mating pectin content by more rapid methods but with only 

limited success. Viscosity of pectin solutions has been 



shown to vary with pectin conoentration (B7), but the 

number of other factors which also affect viscosity pose 

serious limitations in its us© as a reliable index of pec- 

tin content in impur© extracts* (EE) 

Pectin is readily precipitated by th© dehydrating 

action of alcohol end it has long been general practice to 

make a rough estimate of the pectin content by the appear- 

ance of the g@l formed upon addition of alcohol to the 

fruit extraot* For greater accuracy, the gel nas filtered, 

dried under vacuum and weighed, tihich, however, was a 

saethod of estimation requiring hours of drying time. 

This work has been undertaken to investigate the re- 

port of an Italian researcher (35) that talc can be suc- 

cessfully used to throw down rapidly the highly gelatinous 

alcohol precipitate of pectin and that th© volume of de- 

posit so formed has a linear relation to the pectin con- 

teat of the original pectin solution. A further object 

was to consider the feasibility of employing other mate- 

rials, useful because of their clarifying action on 

liquids containing very fine or highly defloceulent sus- 

pensions, to settle the gellified eoagulua of pectin in 

alcohol. 

The value of this study lies in the fact that if the 

suspended alcohol precipitate of pectin can be throm 

dom rapidly and completely, and if the volume of deposit, 



after settling is complete, can be shown to be proportional 

to the amount of pectin originally in solution without the 

interference from other variables, the method may consti- 

tute the basis for a rapid measurement of pectin content of 

fruits ana fruit juices for quality control use by the pre- 

serve industry. 
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Several r@@©at ©rtieles ^j^ittea om soiera preservins 

»otto&« &av© x^ferrml to *&© oos^lexit^ ©f tix© t^iaeiplos 

involved t aaft tev©- atroeeofi © ®e®& f@i? © ^©tt©? si&&@rgt&»&~ 

iae of tlie ©ffeets of proooe&ing aetbofts n-§®n tt® priaeipai 

iagr©ai©ats of e freserve or ^©lly.   £©rt©a2 (IS, 9*583) 

©tates ttet ta© ©©s^&ot^ia?© of fruit epre&gs still resaiae 

®©r© aa ©rt • t&aa © seieae© aaialy ^©©atii© tfe© "basie peetin- 

siigar«eoid reletionehip i® far from being eompletely under* 

stooA«    Li teller (It) pointed to tfie Isek of eontrol over 

fsetors involved in ©oisaereial preserve ©ad lelly manufae* 

tur© ®s tDe «Wef d©terr©at to sueoees in tfeis iadtjstrf. 

So®© of the first Investigations into ties® faets re©r© 

carried out by Ooldthwalte in 1909-1010, the resmlts of 

^hlob brought to llgbt tt» slgaif loa^ee ©f the peotin* 

sugar-aeld ratio and tbe importenoe of acidity control in 

jelly aaklng.    (15, p*4QS) 

Tlie behavior of peetln in relation to ttte puctin- 

sugar^aold ratio 1® jelly making bas b©©n %h© sub^eet of a 

aerie© of researches fey the Agrleulturel Bxperiaeat Sta- 

•tion, University of Delaware.   fMs ^ork h&s clarified tbe 

earlier findings of Go'ldtboalte and %BS Indicated t&e la- 

portanoe of pectin in deterainia® ttoe characteristics of 
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the finished product, also the effect of th© many vari- 

afcles in the preserve process on the pectin-sugar-acid 

ratio. Simpler, more rapid means for measuring pectin as 

a variable in the pectin-sugar-acid ratio has also been 

the subject of much research in the field of pectin tech- 

nology. 

The Importance of Hatural Pectin in Fruits Used in the 
Preserve Process 

Until pectin was produced commercially, methods for 

making preserves and jellies depended on the inherent pec- 

tin present in the fruit ingredients to produce a satis- 

factory jellied product tdien combined with sugar and fruit 

acid, and subjected to sufficient cooking. Fruits such 

as apples, currants, Damson plums, gooseberries, and quince 

were found to contain sufficient active pectin to lend 

themselves to preserve making and these became the coanaon 

types of fruit used by the growing industry. Douglas, as 

reported by Kertesz (15, p.403), in 1913 introduced manu- 

factured pectin in concentrate form on the American market. 

Shortly thereafter, food laws were passed which permitted 

the use by preserve manufacturers of manufactured pectin 

to compensate for deficiency in the natural pectin content 

of the fruit ingredient.  (15, p.505) Fruits higherto un- 

desirable for jsm or jelly making because of their low 



pectin content or quality were noitf readily converted to 

preserves through the use of added pectin.    In supplement- 

ing the natural pectin of the fruit ingredient,  the added 

pectin made possible the us© of less fruit to produce a 

product of desirable consistency.    Th© fruit content could 

thus be standardized at a level nearer that required by 

law. 

The work of Singh as reported by Cruess (9, pp.393- 

394) indicated a total pectin content of 1.0$ was neces- 

sary to produce a satisfactory gel with water and sugar at 

a soluble solids level of 65$ using an unstandardized 

orange pectin powder.    Litwiller (19, p.2) has made the 

following statement in his publication: 

k total pectin content of one per cent 
of 100 grade; including that naturally 
occurring in the fruit,  is considered 
about right. 

The standardization of eonimerelal pectins on the basis of 

grade or jelling strength makes possible the addition of a 

known ©aoust of gelling agent.    Therefore, the only unknown 

fraction of pectin contributing to  the pectin-sugar-acid 

ratio is that portion supplied by the fruit ingredients. 

Pectin Content in Fruit 

fhe chemical analyses of  some preserve fruits reported 

by Lampitt and Hughes (17), and by Hinton and Macara (14), 

indicate a considerable variation in pectin content between 
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different fruits* Data on pectin content presented by 

these authors and more recently by Speas Company are sum- 

marized in fable 1. 

Table 1 

Range of Pectin Content for Some Fruits 
of the Northwest 

Lampitt & Hughes Hinton & Maoara Speas Co. 
(17)* (14)**        (32)*** 
Max* Min. Ave.  Max. Min. Ave. Max. Min. Ave.. 

Fruit     St   %        % H        $-.■%■ %       %  ■ 

Apple    0.93 0.71 0.82   —  —  -*►  1.10 0i37 0.61 

Black- 
berry  lil9 0.68 0.94   --  —  —  0.84 0.35 0.53 

Red 
Currant 1.50 0.91 1.16  0.73 0.47 0.60 0.85 0.26 0.55 

Logan- 
berry  0.68 0.62 0.65   —  —  —  0.80 0.46 0.60 

Plum     1.48 0.75 0.96   —  —  —  0.91 0.14 0.84 

Rasp- 
berry  6.22 4.23 5.50   —  —  —  0.78 0.13 0.54 

Straw- 
berry  0.73 0.60 0.68  0.68 0.39 0.53 0.78 0.24 0.53 

Goose- 
berry  1.20 0.95 1.08  1.50 0.59 0.84 

♦Reported as peotic acid (A.O.A.C.) 
"•^Reported as crude calcium pectate 
***Method of detemination not reported 

Most fruits used by the preserver have been classi- 

fied according to pectin quality by Speas Company. (32) 

This source indicates that the jellying quality of natural 
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pectin is characteristic of the particular fruit concerned 

and may be termed high, average, or low. 

The Effect of Preservation Treatment on the Soluble 
Pectin Content of Fruits 

With the development of measures including cold stor- 

age, freezing, heat treatment, end addition of preserva- 

tives by vjhich perishable fruits can be held in good condi- 

tion until they are consumed or processed into manufactured 

food products, the preserve industry has been able to estab- 

lish a year-around production program. Through this prac- 

tice, the preserver has eliminated the problem of handling 

large volumes of fresh fruit at time of harvest quickly 

enough to prevent the condition of over-ripeness with its . 

accompanying loss of quality and pectin content. Accord- 

ing to Oruess (9, p.408) the bulk of fruit used by the 

preserve industry in the United States has been held in 

frozen storage, while in most European countries, the 

principal means for preserving Jam fruits is by use of 

dilute sulfur dioxide solutions. Some canned fruits fully 

cooked or heated sufficiently to be sterile may be used in 

preserve manufacture.  (23, p.38) Fruits, freshly har- 

vested or properly ripened in cold storage, supply the 

fruit requirements of the preserve plant during the appro- 

priate season. 
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The effect of preservation treatment on the pectin 

content of fruit has keen the subject of a number of in- 

vestigations reported in the literature. C@rre (8) con- 

ducted an extensive research on the pectin changes oeeur- 

ring in apples during aonaal and cold storage and reported 

that soluble pectin gradually increased from a negligible 

amount in the early stages of ripening until it reached a 

maxiiaua at optimum maturity of the fruit. Soluble pectin 

showed a marked decrease concurrent with softening of the 

fruit immediately following the prim© ripe stage and con- 

tinued to decrease more gradually as the fruit approached 

senescence. Soluble pectin did not disappear entirely, 

however, until pathological breaMoisrn occurred. Carre 

found that cold storage differed from normal storage only 

insofar that it prolonged the period of ripening of the 

fruit. Smock and Meubert (31, p.Ill) have reported a de- 

crease in protopeotin corresponding to the increase in 

soluble pectin. While It has been assumed that pectic 

changes In ripening fruits were due to the action of pec- 

tic enzymes, none has been found in apples. However, it 

has been established that peroxides and ascorbic acid, 

both of which are present in apples, are capable of hydro- 

lyzing protopeotin to soluble pectin. (31, p.59) In the 

case of raspberries, a very active pectin methylesterase 

has been shorn by Macara {22)  to be responsible for the 
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rapid breakdown of texture and loss of pectin following 

bruising of the fruit. Rendle, as reported by Leinbaclc et 

©1 (18), reported a considerable loss in both total and 

soluble pectin in raspberries stored for six days at room 

temperature, lendle also found evidence that pectic 

changes may occur at storage temperatures below freezing. 

le found that unless the enzymes were inactivated, rasp- 

berries stored at temperatures as low as 10® F. would 

gradually lose their ability to impart strength to jellies. 

Morris (23, p.36} has reported eonsiderabl© evidence to 

ehov  that freezing storage temperatures below -4° F. would 

prevent appreciable enzyme activity in fruits and stated 

(23, p.38)* *•.»...••, the quality and quantity of the 

pectin is unaffected if the freezing is properly carried 

out." 

Cold storage as a temporary measure for holding raw 

fruit until processed has been referred to by Morris (23) 

as useful to hold fruit in fair condition several days to 

two weeks depending on the initial condition of the fruit. 

Bough handling during the picking and shipping of soft 

fruits stimulates enzyme activity and reduces the cold 

storage holding ability. 

Morris (£3, p.38) reports that where fruits are given 

a sterilizing heat treatment to hold them for a time be- 

fore they are to be processed into jam, some destruction 
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of pectin results if th© fruit is not cooled rapidly fol- 

lowing the heating. 

The sulfur dioxld© preservation of fruits for manu- 

facture has heen studied for its effect on the fruit pec- 

tin. Sjateouroff and KaheMn (SO) investigated the effect 

of sulfurous acid on the pectin In apple pulp and found 

that at th© levels of concentration normally used for 

fruit preservation, sulfurous acid had no effect on the 

natural increase in soluble pectin isrhieh occurred during 

the first throe months of storage. These authors also 

reported that no change w©s observed in the jelly power of 

th© soluble pectin ©fter 16 months storage of apple pulp 

with levels of sulfurous acid as high as 0.2$ (as sulfur 

dioxide). However, English investigations reported by 

Morris (23, p.41) showed that sulfur dioxide did not stop 

the action of pecti© ensymes of soft fruits; hence, pectin 

was converted to pectic acid readily in the presence of 

sulfurous acid, and, thereby, the jellying power was de- 

stroyed. If, on the other hand, the pectic enzymes were 

destroyed by heat treatment prior to sulfiting, increased 

jellying power resulted during the storage of fruits with 

sulfurous acid. 
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Rapid Analytical Methods for Pectin Determination 

Much research in pectin analysis has been directed 

toward the development of methods for estimating pectin 

which would h@ applicable to routine process control. 

Spencer (33) in 1930 reviewed the methods already pro- 

posed, including the Fellenherg alcohol precipitation 

method, the calciuffi pectate method of Carr© and Haynes, 

and the Uichmann-Ghernoff estimation of pectin as pec- 

tic acid. Miss Spencer suramed up her criticism of these 

methods with the .statement; 

As yet, we have no satisfactory method 
for quantitative estimation of pectin. 
Methods suggested to date depend largely 
upon precipitation which is inherently 
incomplete, precipitation of non-pectic 
substances, and inability to wash out 
excess precipitating agent without re- 
peptizing the pectin. 

Williams and Johnson (38), Storto (35) and other workers 

have pointed to the difficult filtration and prolonged 

drying steps in the standard precipitation methods as 

highly impractical for routine pectin determination. 

Ahmann and looker (1) in 1925 proposed a method for 

estimating pectin based on the titration of the free 

carboxyl groups released during the alkaline hydrolysis 

of pectin under closely controlled conditions. Although 

the authors claimed a close correlation of this method 

with the Carre-Haynes method for pure pectins, its use 
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depends upon complete exclusion of carbon dioxide during 

a 12-liour hydrolysis period and the absence of other 

hydroly&able substances tyhich likely would be present in 

an unpurified fruit extract of pectin* 

McISeir (SI)  investigated the possibility of deter- 

mining pectin by its refractive index.,    He found that in 

aqueous solution,  the concentration of pectin t?as directly 

related to the difference between the refractive index of 

the pectin solution and that of the solvent*    f.he inter- 

ference of sugars, fruit acids,  sad other dissolved solids 

is an evident disedvantage to the us© of this method with 

unpurified fruit extracts of pectin. 

Alcohol precipitation was the earliest method used 

for the determination of pectin in solution.    The method 

as originally proposed and as standardized by liehmann in 

1922 (37), for adoption as a tentative A.O.A.C. method, 

cannot be considered a rapid method useful in routine 

analysis.    Basically, the determination consists of pre- 

cipitating the pectin in two volumes of alcohol, filter- 

ing, drying and weighing,  igniting, and reweighing. 

Steuart (34) determined the pectin content of dried apple 

pomace by a single precipitation of the pectin in the 

acid extract with alcohol.    By this simplified determina- 

tion, Steuart obtained an estimate of the pectin content 

in a reasonable time.    However, Kertesz (15, p.217) 
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declared that even his own more rigprous aet&o-d s®v© high 

results though it includes multiple precipitations, care- 

ful washing, and igpiition of the precipitate for detemi- 

nation of ash. This was due to the presence of other 

alcohol insoluble material such as proteins, starch, dex~ 

trins, and heraieelluloses. Hence, Kertesz discouraged the 

use of it for pectin determinations on plant extracts. 

Spencer (33) made cursory reference to the volumetric 

measurement of the alcohol precipitate of pectin as a 

method for pectin determination, but indicated that such a 

method was unreliable since the type of precipitate would 

vary with manipulation and technique. 

Fellers and Bice (IE) described a method for the 

volumetric measurement of pectic acid precipitate prepared 

by alkaline hydrolysis under specified conditions from a 

clear, filtered fruit juiee or pectin extract and cen- 

trifuged under standard olreumstanoes. By flocculating 

the acid-precipitated pectic acid in hot water before cen- 

trifuging, a volume of centrifuged precipitate was ob- 

tained which eorrelated well with the pectin content of 

the fruit julee or pectin extract determined as pectic 

acid. The mean deviation reported for a series of deter- 

minations on currant juice was 5«4$. According to Kertesz 

(15, p.222), the precipitate volume depends not only on 

the quantity of pectic acids but also on their average 



moleculai* siz©. Thus* it appears that this method is use- 

ful only foi? oomparativ© d©t©3?mination of pectinic or pee- 

tie ©elds of similar origin sad history. The method has 

the advantage of being rapid and adaptable to routine de- 

terminations. 

Tiscosity of purified pectin solutions aad pectin 

extracts from various plast materials has been investi- 

gated as an index of pectin content. Through ©n exhaus- 

tive study with fruit jellies, Myers and Baker (25} have 

shown that viscosity reflects both quantity and fuallty 

of pectin in solution. Therefore, only when one value is 

known can the other be measured separately. Results in- 

dicated that viscosity increased rapidly with Increase- In 

pectin concentration, that degradation of the pectin by 

any means lowered its viscosity and similarly< its gelling 

strength, and that sugar, starch, or any other lyophillc 

colloid would affect the viscosity. Mottern and £arr 

(24, p.292) have indicated some of the factors which 

affect the viscosity of pectin as a hydrophilio solution, 

'These factors are: (1) starch and other lyophylic 

colloids; (,£) salts, espeolally Ga and Mg; (3) concentra- 

tion; (4) molecular ©eight or degree of polymerization; 

(5) pH; and (6) temperature. It is* therefore, evident, 

as pointed out by Bsker and Woodmanse® (5, p.9)., that 

viseometri© determinations have meaning only when 
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oonditions of measurement are always rigidly unifora ©nd 

when the peetin is derived from the soae source material 

and prepared in a similar manner.    Baker and Sneeland (§) 

suggested a method for converting viscosity of a pectin 

extract of plant material to jelly-unitst  a term coined 

early by Myers sad Baker (25)  to describe both the content 

and the Jellying quality of a pectin in solution.    Baker 

(2) designed © simplified modification of the viscosity 

pipette,  termed the Jelmeter, for household use in judging 

the relative jellying strength of a pectin preparation. 

This instrument has also been used under factory oondi- 

tions to determine approximate grade of a pectin by vis- 

cosity.    However, the writer has found no instance in the 

literature tsrhere pectin content of plant material has been 

actually determined by viscosity measurement. 

Methods of pectin determination based on the complete 

hydrolysis of pectinic acids to galacturonic acid xirith 

subsequent colorimetric determination of the galacturonic 

sold or deoarboxylation and measurement as GOg have been 

advanced in the literature.    Kertesz states that such 

methods have application only in the analysis of highly 

purified pec-tie solutions since appreciable amounts of 

pentoses or other carbohydrates react similarly and inter- 

fere.    Such methods are not considered feasible for rapid 

pectin determination of fruit extracts. 
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Mlliams end Johnson (38) have developed a method for 

the determination of soluble pectin ©nd pectie acid by 

electrodeposition of these negatively charged colloidal 

substances on a platinum anode followed by drying and 

weighing* Electrolytes in the solution are removed by a 

preliminary ion-exchange step. With this purification 

measure, the method is claimed to equal the calcium pec- 

tate method in accuracy, while it is far aore rapid, re- 

quires less attention, and measures smaller quantities of 

pectin that this latter method. It should be noted, how- 

ever, that highly specialized equipment is necessary in 

this method, and that likely this fact would limit its 

use to research. 

fficCready and his co-workers (20} have utilized the 

optical activity of soluble pectie substances to recently 

develop a rapid control method which determines the pectie 

materials in citrus fruits to within 1.0$ error for puri- 

fied pectin extracts, and within 3% error for unpurified 

solutions. Concentration of pectinate and pectate frac- 

tions in solution was shown to be directly proportional to 

the difference in optical rotations of the original solu- 

tion and of the filtrate following selective precipitation 

of the pectie constituents by cupric ions. Results have 

indicated that the rotation is affected very slightly by 

pH levels above 4.5, and that it does not vary with 



19 

viscosity of the sdlution.    The specific rotation was 

found to be constant for variations in pectin over th© 

range 0.1 to 1,036- in which the determinations were made. 

The orange pectinate with which McCready worked was found 

to have an average specific rotation of *ES0 degrees. 

Eertesz (15, p.220)   states as a criticism of optical rota- 

tion methods that sine© there  is presently no evidence 

■fchat all psetinie or pectic acids have a constant specific 

rotation, the optical rotation is applicable only in the 

ease "©here the pectin has "been fully characterized and th© 

measurements are conducted routinely on solutions of a 

given preparation having a defined optical rotation. 

Storto (35)  recently proposed a simple method for the 

estimation of pectin in fruit juices and fruit pulps.    The 

method  is essentially a modification of the alcohol pre- 

cipitation aethod in which pure talc is used as a floccu- 

lating and settling agent for the pectin precipitate in 

alcohol.    The alcohol precipitate is formed in the pres- 

enee of the talo,  and is measured voiuittetrically after the 

deposit has settled to a constant level.    The pectin con- 

tent of the unknown is determined hy reference to a stand- 

ard pectin solution.    The determination is not affected fcy 

sugar,  salts, aeids,  pigments, or sulfur dioxide at the 

levels of concentration ohtaining at the  time of the inves- 

tigation.    Storto stated that the determination could be 
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made in eight to twenty minutes on solutions containing 

0.06 to 0.01$ pectin,    fh.® method was not compared direct* 

ly with the calcium peetate or other standard method for 

pectin deterainetion.    Without evidence to the contrary, 

it must he assumed that the precipitate represents all 

alcohol-insoluble substances present in the fruit extract, 

fherefor©, the inherent error of th® alcohol precipitation 

method TOuld be present in this method also* 

fhe method proposed by Storto is of particular inter- 

est in this study since it has suggested the possibilities 

of utilizing flocculating agents to improve the practi- 

cability of the alcohol precipitation method for rapid 

routine determination of soluble pectin in the preserve 

and allied industries. 

Physical Properties of Talc and Other Proposed 
fflocoulatine Agonts it——CM—»»■—iw—mi Irfl iim«onJBl£»3—aca—we— 

A flocculating agent as applied in this study is a 

material which has the ability to produce a flocoultea of a 

gelatinous precipitate and to carry it down as a deposit to 

the bottom of the containing vessel. In order that it be 

capable of settling the precipitate, once flocculated, the 

flocculating agent must be insoluble in the medium and 

must impart to the floccules sufficient density that they 

will settle rather than remain suspended in the liquid 

medium. Four types of materials ^ere considered best able 
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to meet these requiremeats as a floooulsting agent,    Ihese 

were talc, diatomaoeous earth, aetlvated oarboa, and fil- 

tering ©lay. 

Some oharaoteristics of these materials, as oompiled 

from several sourees (16;  28;  7; 36) are given in fable 2. 



T&ble 2 

Physical Properties of Some Proposed Flocculating Materials 

flocculating materials used^     ~" 

Property Talc 
Fuller's 
earth clay 

Diatomaceous 
earth 

Basic ehexa. 
composition 

Specific 
gravity 

Hydrous mag- 
nesium silicate 
H2 Mgs(Si03)4 

Hydrous 
aluoainum sili- 
cate mixture 

Pure hydrated 
amorphous SiOg 
(vegetable 
origin) 

Activated 
carbon (Morite) 
Amorphous 
carbon of 
vegetable 
origin 

2.55  - 2.78 1*75 - 2.5 & * X    **    MO ^rf 0.7  - 0.9 
Color                     Variable Variable gray 

when pure white  to gray to gray-green Almost white Black 

Physical 
structure 

Size range 
of particles 

Reaction to- 
ward acids 
and bases 

Absorbent 
ability 

Plate-like9 
fibrous or gran- Composite 
ular aggregates  granules 

imorphous Friable 
graphite-like 

Passes 525 mesh      Hot knovm 

fossilized 
vegetable forms    crystals 
Less than 
325 mesh       Passes 200 mesh 

Acids floc- 
culate; bases 
deflocculate 

Acids floc- 
culate ; bases 
deflocculate 

Inert Inert 

Good Good Excellent Fair 
sorbent 
ability Mo reference 

Uses 

(1) Fining agent 
(2) Filtering of 

oil, sugar 
(3) Decolorizing 

agent 

No reference  
(1) Decolorizing 

and degreasing 
agent for oils 
and fats 

(2) Fining agent 

Poor 

(1) Filtering (1) 
agent for 
many (2) 
liquids 

Excellent 

^Properties listed are characteristic of the particular samples used in this 
investigation. 

Decoloriz- 
ing agent 
Adsorbent 
of gases 
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cm&ma. in 

Th®  central objective of this research was to inves- 

tigate the flocoulatioa l?y talc and deposition of the pec- 

tin precipitate in alcohol» shown to be the basis for the 

rapid method of pectin determination proposed by Storto 

(35). A preliminary study was undertaken to compare var- 

ious insoluble powdered clarifying and adsorbing agents 

with talc in respect to their behavior when in contact 

with the alcoholic precipitate of pectin. Should any of 

these materials show flocculating characteristics similar 

or superior to tale, they would then be considered in a 

study of factors which may influence th© amount and char- 

acter of the deposit. The results of the foregoing 

studies would then be applied to an evaluation of the meth- 

od of pectin determination as described by Storto. 

Materials 

Several dry pectin preparations were used at differ- 

ent stages of  the study.    For  the preliminary iirork of com- 

paring the flocculating and settling response of the pec- 

tin precipitate to the presence of different powdered 

materials,  the author used an 80 grade commercial citrus 

pectin immediately available  at the  comaencement of the 
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study.    The dextrose diluent in this preparation was not 

regarded as a source of error for comparative i?ork.    Tech- 

nically pure research samples of pectin iirere procured for 

later ©xperim^ntation.    fhese included a slow-set powdered 

citrus pectin,  and a rapid-s©t powdered citrus pectinj 

also a raspberry pectin of slight reddish color and fibrous 

texture, and a powdered apple pectin of light amber color. 

Materials investigated ©s possible flocculating and 

settling agents for the alcohol precipitate of pectin in- 

cluded several diatoaaeeous earth filter aids of varying 

particle size. Fuller's earth, activated vegetable carbon 

(lorite), Bentonite,  and talc.    These materials were 

chosen for the preliminary study because each type has 

particular applications in clarification of solutions due 

to the ability to carry down finely divided and suspended 

substances,    fhe clays, represented by Fuller's earth and 

Bentonite, and activated carbons are known to possess 

electrically charged surfaces (29;  56), whereas the dia- 

tomaceous earths are considered to b© electrostatically 

and chemically inert (11)  and to clarify by an entraining 

action on the suspended insolubles.    The  settling action 

of talc on suspended insoluble matter is assumed to be 

largely an adsorbing action.    Ml settling agents used in 

this work were technical grade* 
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Blackberries frozen in 50% sucrose syrup in 1950 and 

stored at zero degrees Fahrenheit were selected for the 

preparation of crude fruit extracts of soluble pectin. 

The pectin content of this extract was estimated vol- 

uaetrically according to th© method outlined by Storto and 

validated by calcium pactat© determination. Blackberries 

were selected for this ^sork because they were of good 

quality after two years of frozen storage, and also be- 

cause they possess an average pectin content and a neg- 

ligible starch content. 

Preparation of Standard Pectin Yest Solutions 

One per cent or one-half per cent pectin stock solu- 

tions were prepared from the dry powdered pectins accord- 

ing to the following procedure: 1.000 gram or 0.500 gram 

of dry pectin was thoroughly wetted with 1 to 2 ml. of 

alcohol. Fifty to fifty-five ml. distilled water were 

added and the mixture was stirred by mechanical stirrer 

for three to four hours, or until no discrete particles 

of pectin remained. The volume was mad© up to 100 ml. 

with water and the solution was shaken gently for several 

minutes before using. If insoluble matter persisted after 

four hours of constant stirring, the solution was made up 

to volume and clarified in a centrifuge. Stock solutions 
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were stored as long as two weeks at 34° ?. after adding 

toluene to keep the surface sterile. 

In the comparative study of flocculating efficiency 

of different flocculating agents on the alcoholic precip- 

itate of pectin, three leirels of pectin concentration were 

used; namely, 0.25^, 0.05$, end 0.01$. However, it was 

found that the coagulant formed by the pectin precipitate 

in the presence of the flocculating agent did not settle 

in a regular or rtpid manner unless the pectin conceatra- 

tioa was in the range 0.1$ to 0.01$. Therefore, in later 

experia©Bt®, pectin solutions within this effective range 

of eonoeatration were used. Test pectin solutions were 

prepared by appropriate dilutions of the stock solution 

with distilled water at 20° €., and each test solution was 

shaken gently for approximately one minute before using. 

Pectin DeteiBnination by Deposition of the Alcohol 
Precipitate and"Volumetric Measurement of Deposit 

For the preliminary experimental work, the Storto 

(55) method was used with several modifications. The 

method, in principle, consists of the precipitation of 

pectin from its solution by 95$ ethyl alcohol in the pres- 

ence of a definite weight of talc. The volume of the de- 

posit at constancy is measured and compared with values 

obtained for known concentrations of a standard pectin 
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ia order to determine ti»© peotin content of the unknown 

solution. 

In detailt  the prooedur© was as follows: 5.0 ml. of 

aqueous peotin solution were added to 0.5 grams of talc 

powder in a g5 ml. graduate cylinder. After shaking 

vigorously fox 30 seconds, 10.0 ml. of 95$ ethanol were 

introduced quickly and the mixture was shaken well for 

one minute* The cylinder was allowed to stand and each 

five minutes whil© the deposit formed, th© volume -was read 

until two suceessiv© readings were constant within 0.1 ml. 

Storto used a glass-stoppered blown glass cylinder 

graduated in 0.1 ml. divisions. However, in this work, a 

standard 25 ml, cylinder graduated in 0.2 ml. divisions 

was selected as being most practical, and could be easily 

stoppered during shaking hy  placing the thumb tightly 

over the mouth. In the Storto method, constant volume was 

attained when tw> successive readings at one minute inter- 

vals gave the same value. Under this condition, constant 

volumes were usually obtained in 10 to 20 minutes settling 

time. The author found in a number of trials with rapid- 

set citrus pectin that for the range of pectin concentra- 

tion 0.08 to 0.01$, constant volume within 0.1 ml. was 

obtained in £0 minutes of settling when readings were made 

at two-minute intervals. Therefore, in the present study, 

with the exception of the preliminary comparison of 
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flocculating agents, th© deposit was allowed to settle 

for 20 minutes. If the readings at 18 and £0 minutes were 

within 0.1 ml., the £0-minute volume reading was recorded 

and th© estimation of pectin content was made on the 

basis of this volume. For pectin concentrations between 

0.1$ and 0.08fl, attainment of constant volume usually re- 

quired a settling period of 20 to 60 minutes for the sev- 

eral types of pectin Investigated. Since there was an 

obvious advantage to maintaining a definite settling 

time during the study of individual pectin types, pectin 

concentrations exceeding 0.08% were not used. 

A vigorous agitation of the pectin-flocculating agent 

mixture for 15 seconds, and a more rhythmical 30-seoond 

shake after the addition of ethanol were made standard 

practice for the deposition method in this study after 

preliminary trials indicated that no advantage was gained 

by more extensive agitation. 

Preliminary Comparison of Flocculating Agents 

Since the flocculating materials used for the com- 

parison study were of distinct types according to chemi- 

cal composition and physical characteristics, it appeared 

likely that the flocculating response of the precipitate 

of a colloidal substance such as pectin to these materials 

would vary widely. It was the purpose of this preliminary 
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study to determine the relative usefulness of the selected 

flocculating materials in respect to the pectin deposition 

method of pectin determination. The evaluation was based 

on several considerations:  (1) the ability of the floc- 

culating agent to cause complete deposition of the gel- 

atinous alGohol precipitate of pectin, (2) the ability of 

the floooulating agent to resolve small variations in the 

concentration of pectin present as reflected by the change 

in volume of deposit for unit change in pectin concentra- 

tion, (3) the rapidity with which the volume of deposit 

reaches constancy, and (4) the reprodueibility of the re- 

sults. 

The deposition procedure was that given in detail 

earlier. In all cases 0.5 gram of the flocculating agent 

was used in duplicate determination, and the course of the 

deposition was followed by recording the volume of deposit 

which had formed at each five-minute interval from the 

start of settling. Headings were discontinued after 45 

minutes or after the volume was constant within 0.1 ml. 

for two successive readings. The results, represented 

in Figures 1, 2, and 3, pages 30, 31, and 32, are dis- 

cussed separately according to the type of flocculating 

agent used. 
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Matomageous Earth Materials. This group was repre- 

sented by the Mealite compounds and by Hyflo superoel, 

all of which have been shown to b© pur© amorphous silie® 

in composition and chemically inert. The several materi- 

als studied represented standard grades based on particle 

size (10; 11) such that, arranged in order of decreasing, 

particle size* the following series resulted: Dicalit© 

4200, Dicalit© Speedex, Dicalite Speedplus, Hyflo super- 

eel* Dicalite speedfloi?. Results of this study showed 

that tsrhile all of the materials of this group produced a 

flocculating influence on the pectin precipitate, the 

resolution efficiency was inadequate in all oases, with 

the exception of Dicalite Speedflow. In this latter in- 

stance, the wide variation between duplicate runs and the 

erratic nature of the settling indicated a highly sensi- 

tive system which muld have poor reprodueibility. Unsat- 

isfactory resolution appeared to go hand in hand with in- 

complete deposition as shown by the persistent turbidity 

©f'the supernatent liquid frosa suspended particles which 

occurred in all cases except in the use of Speedflow. As 

a group, the diatomaceous earths appeared to have little 

application in the deposition of a pectinic precipitate. 

Fuller^ Earth, Besults for this member of the clay 

group, so often used as fining agents, were slightly more 

favorable than in the case of the diatomaceous earth 
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materials. Better resolution was indicated and duplicates 

agreed closely suggesting suitable reproiucibility. Depo- 

sition was complete as shown by the clear supernatant 

liquid ^hich remained above the deposit. Constant volume 

was not obtained as rapidly as in the case of talc, how- 

ever, nor was the deposit volume for pectin concentrations 

near the 0.01$ level materially different from the blank. 

Bentonite. In several test trials with Bentonite, it 

was found that this clay has the property of spelling with 

a tendency to gel when in contact with aqueous solutions, 

^his characteristic made it impractical as a flocculating 

agent for the deposition method of determining pectin. 

Therefore, Bentonite clay was not included in the compari- 

son study. 

Activated Carbon. From the limited results obtained, 

Horite appeared to be a fairly suitable flocculating aid 

for the pectin precipitate. In its ability to resolve the 

0.05$ and 0.01$ levels of pectin concentration, Morite was 

superior to all flocculating agents investigated. This 

agent approached talc in respect to the completeness of 

the deposition and to the rapidity with which the deposit 

assumed a constant volume. One easily apparent disadvan- 

tage in the use of activated carbons was the black color 

which obscured the depth of the deposit and made reading 
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difficult, partieularly in the oas© of the 0.01$ peetin 

solution and blanfe determination inhere th©  supernatant 

liquid was quite turbid.    If the turbidity is assumed to 

be due  to residual oarbon,  this problem w&y be met by re- 

ducing the amount used for the deteraination. 

Taie.    Results obtained in the comparison study of 

flocculating materials indicated that talc powder ms th® 

most satisfactory flocculating agent of those investigated 

for the purpose of a rapid deposition method of pectin 

determination.    Talc most nearly satisfied the require- 

ments of the flocculating agent:    nmaely, good resolution 

of small differences in pectin concentration, produced a 

constant volume of deposit rapidly at all levels of pec- 

tin content usedj produced complete deposition of the pec- 

tin precipitate,  and gave  indications of good reproduci- 

bility within the limits of the deteraination.    Th® higher 

specific gravity of talc (2.55 to 2.78) gave it a distinct 

advantage over activated carbon in producing a deposit of 

constant volume quickly. 

Variable Factors Considered in the 
Pectin DepositionMet hod. 

As a next step in the study, experiments fjere carried 

out to  attempt to determine the effect of some variable 

factors on th© process of flocculation and deposition of 
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the alcoholic precipitate of pectin in the presence of a 

flocculating agent. The accuracy and reproducihility of a 

volumetric method for the estimation of pectin content 

would necessarily depend on a procedure in which all fac- 

tors having an influence on the formation of the precipi- 

tate and deposit could he recognized and controlled. 

Principal stress was placed on the manipulation of the re- 

aotants throughout the procedure and on the effect of 

other constituents in the pectin extract of a fruit. 

Talc, which appeared to be the most suitable flocculating 

agent as a result of the preliminary study, pas used with 

a technically pure citrus pectin during this phase of the 

work. 

Effect of the Time Interval Between Addition of 

Mcohol and Agitation of the Pec tin-Talc-Alcohol Mixture. 

The rapid addition of alcohol to the pectin-talc misture 

would likely produce imaediate precipitation of the 

pectin at the interface between alcohol and aqueous phase 

before intimate mixing of all three constituents could be 

accomplished. Thus, the time interval between alcohol 

addition and agitation to obtain a homogeneous mixture 

containing approximately 60$ alcohol was considered as a 

variable factor which might affect the volume of deposit 

obtained. In carrying out the experiment, 5.0 ml. of 

0.05% solution of rapid-set citrus pectin were introduced 
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to a 25 ml. graduate cylinder containing 0.500 gram of 

technically pure talc. The mixture tms agitated vigorous- 

ly for 15 seconds and 10 ml. of 95$ ethanol were immedi- 

ately added. Following a definite time lapse, the eon- 

tents of the cylinder uere shaken rhythmically by hand for 

30 seconds. The precipitate was allowed to settle end the 

volme of the deposit was recorded after an interval of 20 

minutes. 

Table 3 

Effect of Time Interval Between Ethanol Addition 
andlgitation of the Ethanol-Pectin-Talo Mixture 

on the Volume of Deposit Foimed 

*     ~    =    fime    ~     Volume of deposit 
Sample no.        Interval after 20 minutes 

1 

2 

3 

4 

5 

6 

7 

The results reported in Table 3 indicate that immedi- 

ate agitation following alcohol addition produced a larger 

volume of deposit than in the case when the mixture was 

not shaken until a time interval had elapsed following the 

0 min. 

0 13 

§ n 

1 n 

2 « 

3 t» 

5 M 

2. .8 ml. 

2. ,8 f9 

2. ,7 n 

2. ,7 n 

2. ,7 7? 

2, ,7 « 

2. 7 » 
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addition of alcohol.    An increase in the time interval did 

not increase the deviation in volume of deposit of 0.1 ml. 

from the volume obtained for those samples receiving imme- 

diate agitationo    As a result of these data, car© was 

taken in later experiments to agitate the mixture as rap- 

idly as possible after alcohol had been added to the 

cylinder. 

Effect of pH of the Pectin Solution,    fhe effect of 

varying pH on the volume of deposit formed was investi- 

gated.    A series of 0.05$ solutions of slow-set citrus 

pectin was prepared varying from 6.0 to 2.5 in pH.    pH was 

adjusted with 0.1 M DJaoH or 0.1 tf HC1.    Five ml,   samples 

were precipitated with 10 ml. of 95$ ethanol in the pres- 

ence of 0.5 gram of talc weighed to plus or minus one 

milligram on an analytical balance*    Similar determina- 

tions were made using a series of 0.08$ pectin solutions. 

Th© mixture was shaken for 30 seconds immediately after 

the addition of the ethanol and the volume of deposit 

formed after 20 minutes settling was recorded. 

Sesults, represented in figure 4,  indicated a maximum 

volume of deposit in the pH range 4.5 to 5.5 for the 0.05$ 

level of pectin concentration.     In the case of the 0.08$ 

pectin series, the volume was at a maximum from pH 4.0 to 

pH 6.0.    At both pectin levels, the deposit decreased 

steadily in volume as the pH decreased from 4.0 to 2.5. 
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From these results, it was concluded that pH values below 

4.0 are detrimental to the accuracy of the method. Mjust- 

ment of pH to 4.0 or higher was, therefore, considered in 

later work. It was found usually that dilutions of the 

pectin extract to the appropriate range of concentration 

for pectin determination brought the pH into the non- 

critical range. 

Effect of Sugar. Since many fruits destined for pre- 

serves are frozen with added sugar, the soluble solids 

content of fruits sampled for determination of pectin 

would vary widely. Therefore, it seemed advisable to in- 

vestigate this variable for its possible influence on the 

volume of deposit formed. In the procedure, 0.05$ pectin 

test solutions were prepared-to contain different levels 

of soluble solids. The test solutions were made by a 

dilution of 0.5$ rapid-set citrus pectin stock solution 

with 50 degree Brix sucrose syrup and distilled water. 

The procedure for the deposition test was the same 

as that for the variables considered earlier. Again, the 

deposit volume was read at the ©nd of 20 minutes settling 

time. 
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Table 4 

 ;ars on the Volume of the 
Pectin-Talc Deposit Formed in 20 Minutes 

Brix reading of 
0.0555 pectin solution  

0.0 (Ho added sugar) 

5.0) 
) 

8.0) 
) 

10,0) Adjusted with 50° 
) Brix sucrose solution 

12.0) 
) 

15.0) 

Yolume of deposit (ml.) 
Buplic ates    Average 

■ r - J*l-|— TI" - i-  i TI ' I'll ' "i" r—T-i 1 ni i nr I'm m-a rr r i i .fnirli—n 

.8, 2. 

.8 ,   2. 

.8 t   2. 

.9 ,   2. 

.9, ,   2. 

.7, B. 

2.3 

2.8 

2.8 

2.85 

2.85 

2.7 

The data obtained in this experiment were reported in 

Table 4. These results provided evidence that sugars may 

be present in the test solution at leasit to the extent of 

15$ without interfering significantly with the formation 

of the pectin-talc deposit. Since dilutions of all fruit 

extracts are necessary in this volumetric method for de- 

termination of pectin, it is highly improbable that sol- 

uble solids would exceed 15$ in the final test solution. 

Soluble solids content is perhaps one of the most widely 

varying factors in connection with fruit extracts. It is, 

therefore, a considerable advantage to any rapid method of 

pectin estimation that there be no interference from 

sugars. According to the results presented here, the de- 

position method is free from sugar interference. In 
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this respect, the author substantiated the findings of 

Storto. 

Conversion of Pectin to Fectlc Acid by Alkaline 

Hydrolysis and its Effect on the Volume of Deposit*    It is 

known that alcohol precipitates all pectic substances from 

solution.     (15,  p.217)    While fruits at proper maturity 

for harvesting contain very little pectic acid or pec- 

tates, overripe fruits may possess considerable amounts of 

these pectic fractions.    Mi experiment was,  therefore, 

undertaken to determine whether or not variation in the 

proportion of soluble pectin to soluble pectate in the 

test solution would affect the volume of deposit formed 

t?ith talc.    For this determination,  a one per cent rapid- 

set citrus pectin solution was saponified at room tempera- 

ture with dilute HaOH (pH 12.5} over a period of time. 

Aliquots were withdrawn at intervals ranging from zero 

time to overnight in order to make deposition tests.    Each 

aliquot withdrawn was adjusted to a pH of 4.5 to 5.0 with 

acetic acid in order to stop the hydrolysis.    The volume 

was then adjusted with distilled water to give in the 

first series, 0.025$ of pectic substances and in the 

second series,  0.05$ of pectic substances.    Deposition 

tests were then made using 5.0 ml. of each acidified ali- 

quot with 0.500 gram of talc and 10 ml. of 95$ ethanol. 

A control, consisting of non-hydrolyzed pectin, was run 
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along with eaeh s©ri@s0 The data representing volumes of 

th@ deposit fo^ ©aeh test observed after settling 20 min- 

utos is presented in Table 5. 

fable 5 

VoliM© of Deposit Formedi by t;he. Aloohol 
'PreoJBltiate of ISllcall^iydjfojjrgeS.PegtiTa 

In t5e"~"gr@ienee__of TSW      —°— 

Peotin. —=—=— ' 
content Gontrol       Time of MaOH hydrolysis, (tas.) 
of sample      (Mo HaOH)      0 1/4      1/2      1 2 16 

0,025$ 2.2 ml. g*S      2,2      2,1      2.10    2.2      2,2 

0.05$ 2.6 ml. 2.55    2.5      2.55    2.55    2.85    3,0 

Coagulation was observed as soon as the ^yfeolyg^i 

pectin t?as added to the talc and the mixture shaken, where- 

as in all other oases observed,  a fin© milky suspension 

resulted ©hen talc was shaken with the peotin solution. 

It is likely that talc, which is a hydrous magnesium sili- 

cates aay contain sufficient free alkaline earth ions to 

precipitate th© peetic acid.    The initial coagulation 

prior to the addition of ethanol did not appear to affect 

the final volume of deposit formed, however.    From the 

resultsj  it was ©vidant that conversion of the peotin to 

peetic acid was not reflected by a change ia th© volume of 

deposit.    Ho change occurred in the amount of deposit for 

0.025$ pectin solution during 16 hours ofvhydrolysis, nor 
/ 
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in the ease of 0*05$ pectin hydrolyzed for one hour. It 

was concluded from this data that the deposition method 

of pectin determination is, like all other rapid methods 

for pectin estimation, incapable of distinguishing between 

pectin and pectic acid. When it is considered that pec- 

tie acid is not a large pectic constituent in properly 

ripe fruit, and that its low solubility in acidic aqueous 

solution (26) will largely prevent its appearance in the 

fruit extract as a soluble pectate, pectic acid contamina- 

tion need not be a matter of concern for the purposes of 

rapid pectin determination. 

Development of Standard Begression Curves for Several 
Pectins Using Deposition Data 

Before the deposition method could be appraised as a 

means for the rapid estimation of pectin content in a 

fruit extract, it was necessary to establish the existence 

of a tfell-defined relationship between the volume of de- 

posit formed and the amount of pectin present in the sam- 

ple.  It had been shown in the preliminary comparison of 

flocculating agents that talc gave the best results as a 

flocculating agent for the alcohol precipitate of pectin. 

Tale urns, therefore, used as the flocculating agent in 

this study. 
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The object of this phase of the study ms  to define 

the relationship between deposit volume and peotin content 

for several technically pure pectins and to ascertain 

whether the relation varied for different pectins. As the 

first step in the procedure, a series of dilutions of each 

peotin selected as a standard va.s prepared. The dilutions 

were sueh as to give © series of concentrations ranging 

from 0*08%  to 0.01$ peotin since this was the rang© found 

previously to give a constant volume of deposit in 20 

minutes when tale was used as the flocculating agent. 

Five-ml- aliquots. of each dilution were taken for the 

deposition determination. Ten ml. of 95$ ethanol were 

used to precipitate the peotin in the 5-ml. sample in the 

presence of 0*500 gram of talc. "She volume of deposit 

formed in SO minutes of settling was tabulated for each 

dilution §nd these volime data were plotted against the 

per cent concentration of pectin in the sample. 

An exeainatian of the plotted data showed a linear 

relationship between volume of deposit and pectin concen- 

tration for all peotin types over the range 0.08 to 0.01$ 

pectin concentration. Deposit volume data were collected 

from at least three runs in duplicate for each peotin 

selected as a standard. Bach rtm consisted of a full 

series of dilutions prepared froa a fresh stock solution 
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of the dry pectin. Duplicate results were averaged and 

the averages were, used for the computation of a regression 

equation. The standard error of estimate, Se, was deter- 

mined as an estimate of the normal variability to be ex- 

pected in the volume of deposit for each concentration of 

pectin. 

Following this procedure, a standard volume- 

eonoentration curve was established for a slow-set citrus 

pectin, a rapid-set citrus pectin, a raspberry pectin, and 

an apple pectin. The purity of these pectin preparations 

i?as determined by a standard oalciuxa pectate determination. 

(15, p.228) In Table 6 are found the deposition data 

(duplicate averages) from which were computed the regres- 

sion equations of the four standard pectins mentioned 

above. It is note\7orthy that no two duplicates varied by 

more than 0.1 ml. in volume reading. Deposit volumes were 

read to 0.1 ml. The regression lines plotted from the 

four regression equations are shomi in Figure 5. 

"Dpon examination, the regression lines in Figure 5 

proved the hypothesis that a definite linear relationship 

exists between volume of deposit and pectin concentration 

in the concentration range used and under the conditions 

prevailing. It was also indicated that this relationship 

varied with each type of pectin studied, sine© the differ- 

ence in the regression eoefficient (slope) and position of 



Tafele 6 

Volume of Pectin-Talc Deposit After 20 Minutes 
for Given Goneentrations of Four Pectins (Milliliters) 

Pectin 
cone. 
% wt.- 
vol. 

Slow-set citrus 
pectin 

Rapid-set citrus 
pectin 

Raspberry 
pectin 

Apple 
pectin 

Pectin 
cone. 
$ wt.- 
vol. 1 

Run 
2 3 4 

Run 
12         3         4 

Run 
12        3 1 

Run 
2         3 

0.08 3.4 3.3 3.2 3.2 3.25 3,2 3.25 3.25 3.25 3.3 3.3 3.65 3,65 3.6 0.08 

0.07 3,1 3.0 3.0 3,0 3.1 3*05 3.1 3.1 3.1 3.1 3.15 3.3 3.45 3.4 0.07 

0.06 2.9 2,9 2,8 3 , o 2.9 2.9 3.0 2,95 3.0 3.0 3.0 3.2 3.15 3.2 0.06 

0.05 2.8 2.8 2.7 2.7 2.65 2.85 2.85 2,85 2.95 2.85 2.9 3.0 3.05 3.1 0.05 

0.04 2.5 2.5 2.6 2.6 8,6 2.7 2.75 2.7 2*8 2.7 2.8 2.9 2.9 2.9 0.04 

0.03 2.4 2.4 2.4 2.4 2,4 2.4 2.5 2.4 2.55 •2.5 2,55 2.6 2.7 2.6 0.03 

0.02 2.3 2.3 2.3 2#2 & • <&D 2.25 2.35 2.3 2.4 2.35 2.45 2.4 2.45 2.45 0.02 

0.01 2.1 2.1 2.0 2.1 2.0 2.1 2.1 2.1 2.2 2.3 2.2 2.2 2.2 2.2 0.01 

•>3 



FIGURE 5 

RELATION OF DEPOSIT VOLUME 
TO PECTIN CONCENTRATION FOR 
SEVERAL PECTIN-TALC SYSTEMS 

1. SLOW-SET CITRUS PECTIN AND TALC 

Volume of deposit » 16.Six + 1.92 
N a  32       Se B' 0.06 
Calcium peotate value «* 87.2$ 

2. RAPID-SET CITRUS PECTIN AND TALC 

Volume of deposit = 16.43x + 1.95 
N 32 0.06 
Calcium pectate value «= 90.8$ 

3. RASPBERRY PECTIN AND TALC 

Volume of deposit » 14.91x + 2.11 
N » 24       Se - 0.05 

Calcium peotate value » 91.0$ 

4. APPLE PECTIN AND TALC 

Volume of deposit = 19.85x + 2.04 
N o 24       Se B 0.04 

Calcium pectate value ^ 91.9$ 

01    .02    .03    .04   .05    .06   .07    .08   .09 
PECTIN   CONCENTRATION   (% WT.-VOL.) 

00 
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the four lines could not he attrihuted solely to the small 

difference in th© true peotin content of the several types 

of peotin.    The  true peotin content of the four dry pectin 

preparations were determined as calcium peotate which, 

according to Hinton (13, p.9) may be regarded as 102$ of 

the actual weight of pectin.    The results as calcium peo- 

tate were: 

(1) Bapid-set citrus peotin 90*8?S 
(2) SlOTsj-set citrus peotin 87.2$ 
(3) Haspberry pectin 91.0^ 
(4) Apple pectin 91.9$ 

It appears that th© small difference in the position of 

the two citrus peotin regression lines could be due to the 

variation in their true peotin content.    There was no in- 

dication shorn by the data that the different setting time 

characteristios of the two citrus pectins had an influence 

on the volume-pectin content relationship.    Kertesm (15, 

p.4Q8)   pointed out that setting time was a function of the 

methyl ester content of the pectin.    Therefore,   it may be 

interpreted from the regression results that methyl ester 

content has no apparent effect on the volume-pectin con- 

tent relationship.    Similar results were found while 

studying the effect of cold alkaline hydrolysis of pectin 

on the pectin-talc deposit formation (Table 5).    Here the 

primary action of cold alkali on the pectin chain ms 

demethylation. 
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Application of the Deposition Method to  the 
Determination of Soluble Pectin in Frozen 
Blackberries After a Ten-Minute Boil 

The bulk of fruits used in the year-around manufac- 

ture of preserves, jams and jellies in the United States 

have been frozen at the time of harvest and held in frozen 

storage from several weeks to well over a year. The sol- 

uble pectin content of these fruits at the time of use 

will vary not only because of the inherent varietal and 

cultural variations found at time of harvest, but also be- 

cause of fluctuations ^rhich occur from enzyme action dur- 

ing the handling and preparation treatments which the 

fruit undergoes prior to freezing. Enzyme activity is 

very limited during the time of frozen storage, but the 

thawing of frozen fruits creates conditions which stimu- 

late rapid enzyme action (6), and changes may occur in the 

soluble pectin content even during the short holding time 

before processing. During boiling of the fruit, during 

processing, the pectinous materials are subjected to con- 

ditions of high temperatures and acid pH which will pro- 

mote their hydrolysis. The amount of gelling pectin may 

be thereby further altered right up to the point where the 

product is poured into a jar as jam. 

The ultimate objective of this research was to evalu- 

ate the deposition method as a control method by which the 

preserver could rapidly estimate the natural pectin 
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content of fruit which contributes to the gelling of his 

product. 

Based on information gained from the results of the 

previous study with research pectin samples, the deposi- 

tion method was applied to the determination of soluble 

pectin in several extracts prepared from frozen blackberry 

samples which had been boiled for 10 minutes to simulate 

the cooking period during the preserving process. The 

standard regression line computed for raspberry pectin was 

referred to tihen converting the deposit volume results to 

pectin concentration. For the purpose of validating the 

results obtained by the deposition method, soluble pectin 

in the fruit extract was also determined by the standard 

calcium pectate method, following the procedure recom- 

mended by Kertesz (15, p.888). 

The fruit extracts were prepared from blackberries 

frozen with 50 degree Brix sucrose syrup in the proportion 

8 to 1 by weight in one-pound fiber packages with cello- 

phane liners. The contents of the package isrere cut into 

eight approximately equal portions while still solidly 

frozen, and four test samples were dram from the package 

such that an equal apportionment of berries and syrup was 

made. Each test sample was placed in a large tared beaker 

and weighed. Following this, the fruit was crushed and 

the sample was boiled briskly for ten minutes. The boiled 
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simples uer© iiaa©<ii®t©ly cooled t© room temperatui*© end 

adjusted to original weight with distilled water.    Volume 

was messureds  soluble solids wer© determined., and tk© 

boiled  sample was them diluted tyifch distilled water to 

tT7io© t&® original -^©lua© ia order to reduoe th© viseosity 

before filtering.    The diluted and mixed sample of boiled 

fyuit V&B filtered first tteough m i^lon cloth,, then 

through & sintered glass funnel of ©oarse porosity coated 

with an acid-washed filter-aid.    At the ©ad of filtration, 

the pulp t7©s pressed dry by placing a rubber dam over the 

mouth of the sintered glass filtration funnel and drawing 

the rubber tightly down on the pulp in the nylon cloth 

with a vacuum of 25 inches for five minutes.    The volume 

of the filtrate was recorded.    The filtrate, uhieh was 

visibly free of fine solid particles, was suitably diluted 

with distilled water and a 5-ml.. aliquot of each known 

dilution was used for determination of soluble pectin 

by the deposition method as described earlier.    In each 

determination, 0.500 gram of tale were used to floc- 

culate the alcohol precipitate.    The deposit volume re- 

suits for several dilutions of the liquor were applied to 

the standard raspberry regression line to give the per 

cent soluble pectin in the filtrate, and from this infor- 

mation,  per cent soluble pectin present in the boiled 

fruit was calculated.    Per cent soluble pectin in the 
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boiled fruit was also calculated from duplicate calcium 

pectate determinations made on the filtrate. Besults were 

compared as a test of the validity of the deposition meth- 

od. 

The soluble pectin content of the boiled blackberry 

sample was calculated from the deposition data by the fol- 

lowing formulae: 

1. Pectin content of filtrate ($) «= P x I> 

2. Pectin content of boiled fruit ($} *  ■ *!  
£/3 x S 

where: p * pectin content of test dilution ($), 
obtained by deposition method 

D c dilution factor 
F « total volume of filtrate (ml.) 
S « grams of frozen sample (packed 2+1 

fruit to sugar syrup) 

Hinton (13, p.8) has shown that the conversion of 

pectin to calcium pectate results in an increase in weight 

of 2$. For the purpose of this study, the weight of cal- 

cium pectate obtained was regarded as equal to the weight 

of pectin present in the sample. Thus, the calculation of 

per cent soluble pectin in the boiled fruit from the cal- 

cium pectate determination on the fruit filtrate was as 

follows: 

S. Pectin content of boiled fruit ($) « C X F^A X 1Q0 

2/3 x S 

where: G * grams of calcium pectate (assumed 
equivalent to weight of pectin) 

A * aliquot of filtrate used (ml.) 
F and S as in formulae (1) and (2) 
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Figures for the soluble pectin content of two lots 

of frozen blackberries as determined by the deposition 

method and by the calcium peetate method have been pre- 

sented in Table 7, together with data pertinent to the 

calculations involved. 

The pectin content values reported in Table 7 were 

found to be somewhat erratic regardless of the method used. 

This suggested that the method developed in this study for 

obtaining the filtered liquor from the boiled blackberries 

was not extracting like amounts of soluble pectin from the 

fruit pulp. Since the fruit was not comminuted or other- 

wise treated so as to rupture all fruit cells before pres©- 

ing* it is admittedly probable that a variation existed in 

the amount of soluble pectin which could be removed from 

the fruit pulp by the pressing operation alone. The pur- 

pose of this method was not to obtain complete removal of 

the soluble pectin from the fruit tissue since this would 

neeessitate a number of lengthy leaching steps (8; E6) 

which would be impractical for routine control analyses. 

The method was developed upon the premise that the liquor 

expressed from the boiled fruit by pressing under stand- 

ard conditions of pressure would contain most of the sol- 

uble pectin and that the amount remaining in the pressed 

pulp would have a negligible signifioance to the preserver 



Table 7 

Soluble Pectin Content of Frozen Blackberries 
Subjected to a Ten-Minute Jboil 

Method of Pertinent data 
and results 

Blackberry Lot 1 
Sample 1 Sample 2 Sample 3 

Blackberry Lot 2 
determination Sample 1 Sample 2 Sample 3 

gm. blackberry 
sample 
ml. filtrate 
obtained 

84*5 

140 

69.0 

113 

86.5 

140 

121,9   118.8 

197     190 

110.5 

178 

Deposition 
with talc 

$  pectin content 
of diluted fil- 
trate: 
a) 4-fold dilution 
b) 5-fold dilution 
c) 6-fold dilution 

% pectin in fil- 
trate (formula 1; 
average a, b, c) 

0.042 
0.030 

0.159 

0.045 
0.036 

0.180 

0.036 
0.030 

0.14? 

0.048   0.054 
0.039   0.036 
0.021* .  0.021* 

0.194   0.198 

0.048 
0.036 
0.033 

0.184 

% pectin in blaok- 
berry (formula 2) 0.395 0.442 0.357 0.470 0.475 0.444 

Calcium 
pectate 
method 

ml. filtrate taken 
gm. calo. pectate 

% pectin in black- 
berry (formula 3) 

12.0 
0.0209 

0.434 

12.0 
0.0204 

0.418 

12.0 
0.0184 

0.372 

12.0    12.0    12.0 
0.0216  0.0232  0.0211 

0.436 0.463 0.425 

Ratio of 
Deposition to Ca pectate 91 106 96 108 103 104 

^These values omitted from calculation since obviously low. Ol 
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interested in making rapid routine determinations of the 

pectin content of different lots of fruit entering his 

plant. It was evident from the variation in results for 

duplicate samples on the same lot of fruit that a more 

rigorous extraction procedure was necessary in order to 

obtain more closely comparable results for the same fruit 

lot. 

A difficulty met with in the application of the 

deposition method to the estimation of soluble pectin in 

blackberries was the discovery that deposit volume re- 

sults obtained for different dilutions of the original 

filtrate were not comparable when soluble pectin content 

of the undiluted filtrate was calculated from them. The 

results reported in Table 7 indicated that higher dilu- 

tions of the fruit extract gave lower values for pectin 

content calculated for the undiluted filtered liquor. 

This effect was not encountered in the experiments with 

the dry pectin preparations, where the volume- 

concentration relationship was found to be linear in all 

respects. Therefore, from the results obtained here, it 

was indicated that the deposit-volume:pectin-concentration 

relation is not strictly linear for crude fruit extracts. 

It was observed that results obtained for pectin 

content on the same sample of blackberry filtrate by the 

two methods were in fair agreement. The two sets of 
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results did not vary by more than 0.04$ pectin in ©11 

runs made, while the pectin concentration by the deposi- 

tion method varied from 91$ to 108^ of the calcium pec- 

tate value. The results by the deposition method were 

higher in four out of the six trials madeo 
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mPTEB IV 

StHMRY MB  GOHGLtrsiOKS 

There are many indications that the soluble pectin 

content of fruits varies considerably at the time of 

harvest and that further alterations occur during the 

post~h©rvest period according to the handling and storage 

practices to which the fruit is subjected prior to its 

utilization at the preserve plant in the manufacture of 

preserves, jams, or jellies. The gelation of these fruit 

products is known to depend on proper balance and control 

of the pectin, sugar, and active acid contents in the 

product. Suitable rapid methods for the determination of 

soluble pectin of fruit or fruit juices adaptable to rou- 

tine control are being sought by researchers in the inter- 

est of greater control over the consistency of preserve 

products. Methods based on the precipitation of soluble 

pectin with alcohol and subsequent gravimetric or volu- 

metric measurement of the precipitate have often been pro- 

posed for industrial use because of their simplicity, yet 

none has been found sufficiently accurate and rapid to be 

suitable for routine control determination by the preserve 

industry. 

The method here investigated measures the soluble 

pectin content of a solution by the volume of deposit 
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formed when th© pectin is preeipltated with alcohol in 

the presence of an insoluble flocculating agent. Per cent 

peotin content in th© unknown is found by referring the 

volume reading to a standard curve established for a 

series of solutions containing known concentrations of a 

technically pur© pectin preparation, {wt.  - vol. basis) 

A eoaparisoa study is made concerning the relative 

efficiencies of a number of insoluble clarifying and ad- 

sorbing agents when used as flocculating agents for the 

alcohol precipitate of pectin. The following criteria 

are used to evaluate the flocculating efficiency of each 

material: (1) ability to produce complete deposition of 

the pectin precipitate in alcohol, (S) ability to resolve 

small variations in pectin concentration, (3) the time 

required for the deposit to reach a constant volme, (4) 

the ability to give reproducible results. 

Talc powder, U.S.?., is used as the most satisfac- 

tory flocculating agent in the study of several factors 

which could feasibly influence the accuracy of the de- 

position method for the estimation of peotin content. 

The experimental procedures used in determining th© effect 

of these variables are reported in detail. 

A standardized deposition procedure is outlined. By 

this procedure, regression curves which relate deposit 

volume to peotin concentration, have been developed for 
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four pure peotin samples including slow-set citrus pectin, 

rapid-set citrus pectin, raspberry pectin, and apple pec- 

tin. 

The deposition method is applied to the determination 

of soluble peotin in several extracts prepared from frozen 

blackberries subjected to a ten-minute boil. The regres- 

sion curve for raspberry pectin is used as the reference 

standard in estimating the pectin content of the extract. 

Results by this method are compared with those obtained by 

standard calcium pectate determination. 

The results obtained in this research lead the inves- 

tigator to draw the following conclusions: 

1. The alcoholic precipitate of pectin flocculates 

rapidly in the presence of certain insoluble powdered 

materials which act as flocculating agents. The diatoma- 

ceous earths were least efficient as flocculating agents. 

Fuller's earth showed more flocculating efficiency than 

the diatomaceous earths but less than Norite, a very 

strong adsorbent. Talc is shown here to be an efficient 

flocculating agent of the dehydrated pectin, and has the 

advantage over Morite of higher specific gravity which 

promotes more rapid settling of the flocculated precipi- 

tate. 

Z.  The effectiveness of the deposition method de- 

pends on the use of a flocculating agent tsrhieh is capable 
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of rapidly forming with the alooholia precipitate of pec- 

tin a deposit that is constant and trhose volume reflects 

small differences in pectin concentration between differ- 

ent samples. Talc is found to have the highest overall 

efficiency as a flocculating agent in this study. 

3. Where talc acts as flocculating agent, the deposi- 

tion method is most ©ffeotiv© and rapid when pectin con- 

centration of the test solution is in the range of 0.08$ 

to 0.01$. Above 0.08$ pectin, the t&lo-pectin floceules 

become too large to settle in a regular and rapid manner. 

Below 0.01$ pectin concentration, the supernatant liquid 

remains turbid with finely suspended material such that 

deposition is incomplete* Solutions containing higher 

concentrations of pectin than 0.08$ may be diluted with 

distilled water ta bring them into the proper range for 

the test. 

4. The volume of pectin-talc deposit and the settling 

time ©re unaffected by pH variation in the range 4.0 to 

6.0, by sugar levels below 15$, or by conversion of the 

pectin to sodium pectate through saponification with cold 

alkali. A pH of 4.0 or lower will act to decrease the 

volume of deposit. 

5. The various soluble peetinous compounds are not 

distinguishable by the deposition method of determination. 

In this respect the method presents the same inadequacy 
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found in all gravimetric and volumetrio methods used for 

the determination of pectin. Since only the peotinic 

acids have the molecular size md methoxyl content neoes- 

saxy  to cause gelation in preserves and jellies,, these 

methods, including the deposition method, which determine 

all solufcl© pectie substances, are unable to distinguish 

the Jellying pectin present in the fruit. However, since 

soluble pectates are present in very limited amauats in 

properly ripened fruit, the soluble pectin determination 

will show principally the peotinic acid content. 

©. A well-defined linear relationship exists between 

volume of deposit and pectin ooncentration for pure pectin 

preparations over the range of ooncentration required for 

the deposition method and with the conditions obtaining 

in the use of the adopted procedure, fhis procedure is 

briefly as follows: 0.50® gram of talc and 5.0 ml. ali- 

quot of aqueous pectin solution are shaken vigorously for 

15 seconds in a 25 ml. graduate cylinder. Ten ml. of 95$ 

ethanol are added quickly and the mixture is shaken well 

for 30 seconds. The cylinder is allox^ed to stand 20 min- 

utes while flooculation occurs and a deposit forms. The 

deposit volume reading at 20 minutes is referred to a 

standard deposit-volume:pectin-concentration curve to 

obtain the pectin concentration of the unknown solution. 
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7. The relationship between volume of deposit and 

concentration of pectin is characteristic of the type of 

pectin involved. The development of a standard curve for 

each type of fruit is, therefore, necessary for greater 

accuracy. 

8. The basic validity of the deposition method for 

soluble pectin estimation of fruit extracts has been proven 

against the standard calcium pectate method. From the re- 

sults of a comparative determination of soluble pectin in 

frozen blackberries subjected to a ten-minute boil, pectin 

content values by the deposition method varied from 91%  to 

108$ of the calcium pectate value. 

9. The present work has Indicated two subsidiary 

problems which warrant further investigation. An explana- 

tion is required for the evidence found in this study that 

the deposit-vol\EBe:peGtin-concentration relationship is 

not strictly linear for crude fruit extracts when dilu- 

tions are made to bring the pectin concentration into the 

effective range for the deposition method. Further work 

should also be devoted to the development of a more satis- 

factory extraction of the soluble pectin from the fruit 

pulp in order that the problem of excessive variation in 

results for duplicate samples of the same fruit lot can 

be eliminated. 
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