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STRAWBERRY PECTIN JELLIES 

INTRODUCT ION 

Certain fruits like tart apples, currants, guayas, and Concord 

grapes are rated high for their ability to form pectin jellies while 

strawberries are generally considered very poor in jellying power. 

Goldthwaite (20, p.462) first reported that strawberries had 

enough pectin but that the jelly ws gummy and of poor quality. 

She attributed this to a 

gummy substance which accompanies the pectin and which 

interferes with its nice action. 

Bonner (7, p.494) stated that strawberries were naturally low in 

acid and pectin. Ilinton (22, p.55) reported that strawberry pectin 

was naturally lacking ín jellying power. However, Tarr and Baker 

(48, p.19) stated that jelly could be made from strawberries under 

ideal conditions. 

Thus, while it appeared that it might be possible to make jelly 

from strawberry pectin, it was anticipated that it would be difficult 

to do so. Even with fruits that have high quality pectin the formation 

of a fruit jelly entails a balance of interacting factors including 

pectin, sugar, acid and in some cases divalent ions. For success in 

the making of strawberry pectin jelly, presumably this balance or 

combination of factors differs from that of most fruit pectins. It 

was to investigate this that the present work was undertaken. 



REVIEW OF LITERATURE 

The literature on pectic substances and their jellying properties 

is voluminous. Much research has been done on the methods of 

extraction and purification of pectin and on the jelly making 

qualities of pectin from apples and citrus fruits. After Goldthwaite 

(18, pp. 457-462), na work on strawberry pectin has been reported 

aside from that of Hinton in 1940 (22). 

Structure and Chemistry of Pectic Substances 

The basic structural unit of pectic substances is galacturonic 

acid (18, p.140). According to the view now generally accepted, 

a-d-galacturoaic acid 

in linear chains by means of the 1-4 glycosidic linkage (36, p.3). 

The number of anhydrogalacturonic acid residues varies from molecule 

to molecule and this variation in the length of the chain influences 

the colloidal characteristics of the polymer. 

While the linear character of the polygalacturonic acid molecules 

is generally accepted, the possibility of a branched or laminated 

form is not ruled out (27, p.52). This branching or laminating was 

attributed by Loconti (27 p.54) to the fomation of anhydride bridges 

involving two carboxyl groups or a carboxyl and a hydroxyl group of 

two polyanhydrogalacturonic acid chains, and by Saric and Schofield 

(42, p.439) to the formation of hydrogen bonds linking two carboxyl 

groups. 
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In addition to differences in the number of anhydrogalacturonic 

acid residues and possibly the way they are linked, the molecules of 

pectic substances also differ in the number and in the distribution 

of methyl groups. Theoretically the methyl groups could constitute 

16.3 per cent of the weight of a fully methylated polygalacturonic 

acid chain, but analysis shows less methoxyl groups than this 

theoretical amount (27, p.69). Pectic substances vary not only in 

the extent of methylation as they occur naturally in the fruit tissue, 

but also as the result of demethylation which takes place after 

picking and during extraction of the polygalacturoaic acids. Nethyl 

ester groups are split off by the enzyme, pectinesterase, by alkali, 

and by heat and acid. Desethylation leaves the carboxyl groups free 

for reaction with metallic ions such as iron, calcium, and magnesium 

to form salts of the polygalacturonic acids. 

Thus, under the general heading of pectic substances are found 

a great number of dissimilar but closely related groups of molecules. 

The nomenclature in current use for these related groups of molecules 

is that accepted by the American Chemical Society in 1944 (28, pp. 

105-106). Those polygalacturonic acid chains which are colloidal in 

nature and which are at the same time practically devoid of methyl 

ester groups are called pectic acids. These pectic acids exist free 

or as salts called pectates. Those molecules of pectic substances 

containing varying amounts of methyl ester groups are known as pectinic 

acids. Those high methoxyl pectinic acids which are water soluble 

and which can form gels with sugar and acid are called pectins or 



more specifically high methoxyl pectins. Pectinic acids with a low 

methoxyl content of approximately 6.5 per cent or approximately 50 per 

cent esterification are classed as low methoxyl pectins (27, p.8). 

The water insoluble pectic substances which occur in plants and which 

can be hydrolyzed to yield pectin or pectinic acids are called 

protopectin. 

Occurrence of Pectic Substances 

Pectic substances are found in all succulent and soft plant 

tissues, chiefly in the middle lainella and in the primary cell wall 

(27, p.263). The middle lamella, it is generally agreed, is composed 

mainly of insoluble calcium pectates or ectinates which can be made 

soluble by heating with dilute alkali (7, p.485). The primary cell 

wall is composed of cellulose, hemicellulose, and of pectic substances 

which are mostly in the form of protopectin. As the fruit matures, 

water soluble pectic substances are formed from the protopectin in the 

primary cell wall as the pectic enzymes hydrolyze or depolymerize the 

protopectin (9, p.216; 10, p.712). 

Extraction of Pectinic Acids for Jelly Making 

In addition to being hydrolyzed by pectic enzymes, protopectin 

can be made soluble by heating in the presence of water and acid. 

There are two problems in extracting pectinic acids for jelly making. 

One is to make soluble the insoluble pectic substances and another is 

to extract them effectively without depolymerization which lowers their 

jellying power. 
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Myersand iaker (38, pp.59-60) reported that pectinic actds 

could be extracted wtthin a certain optimum pH range and under 

controlled conditIons of temperature and time of extraction. For 

lemon albedo they reported an optimum pH for extraction of 2.40 and 

30 minutes boiling time. High temperature and long heating destroy 

the jellying power of the pectin due to depolymerization (39, p.43; 

46, p.67). 

Polyvalent ions like polyphosphates can be used to extract 

insoluble pectinates of magnesium, calcium and other metallic ions 

(4, pp.l64-165; 5, pp.348-352; 35, pp.36-39). Polyphosphates sequester 

these metallic ions rendering the pectinates soluble. Baker and 

Woodmansee (4, p.165), using apple pomace, found that sodium 

hexametaphosphate was an effective extractant within a range in 

pH of 3.0 to 4.0. They found that extraction time was shortened, 

causing less damage to the jellying power, and the yield was increased 

by 25 per cent. The amount of pol.yphosphate needed depended upon the 

type of fruit. Baker and Gilligan (5, p.351) reported that apples and 

citrus fruits required ï per cent polyphosphate and blackberries 

required 3 per cent for optimum extraction of pectin. 

Factors Affecting the Relative Viscosity of Pectinic Acid Solutions 

Myers and Baker (37, p.18) first sugested that the relative 

vi;cosity of a pectinic acid solution was an index of its jellying 

power or sugar-carrying capacity, but that relative viscosity did not 

depend solely upon the concentration of pectinic acids. Several 



factors including degree of polymerization, pH of the solution, 

presence of salts, and temperature of the solution affect the relative 

viscosity. 

Degree of polymerization. Generally an increase in the average 

chain length of the pectinic acid molecules increases the relative 

viscosity (40, p.1181). However, the presence of a few high polymer 

chains has a pronounced effect on the viscosity of a pectinic acid 

solution and consequently on its gel forming ability (29, p.157; 

44, p.291). 

Hydrogen ion concentration. The effect of pH on the relative 

viscosity of pectinic acids solutions depends upon the methylation of 

the polymer. Fully methylated pectic substances are not affected by 

PII to any great extent. As the number of methoxyl groups decreases 

the viscosity increases as the pli increases from 2.5 to 4.5. This is 

due to greater ionization of the carboxyl groups and to elongation of 

- the polymeric molecule. The electroviscous effects of the pectinic 

acid polymers are due to the negative charges on the pectinic acid 

molecules resulting from the dissociation of the carboxyl groups 

which then attract the positive charges on the dipolar water molecules 

(26, p.410). 

Salts. The presence of salts can affect the relative viscosity 

of a pectinic acid solution. The effect depends upon the pH, the 

concentration of the pectinic acid, and its methoxyl centent. The 

relative viscosity generally decreases when salts are added te pectinic 
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acid solutions with a concentration of 0.1 per cent or less, but 

increases when added to solutions with a concentration of 0.4 per cent 

or more (32, p.207). 

Baker and Goodwin (2, p.31) reported that salts gave abnormally 

high viscosities to pectinic acid solutions above pH 2.75, but that 

viscosity was not affected by salts below this pH. For this reason 

and because of the effect of pH on the dissociation of pectinic acids 

in solution, the relative viscosity is measured at pH 2.75 to get an 

accurate measure of jellying power. 

Temperature. Temperature influences the relative viscosity of 

a pectinic acid solution. At concentrations above 0.05 per cent the 

viscosity of a pectinic acid solution decreases with increasing 

temperature (40, p.1181). 

Baker and Woodmansee (4, p.9) worked out the relation between 

the relative viscosity of a pectinic acid solution and its sugar- 

carrying capacity. The relative viscosity was measured at 260 C., 

using a modified Ostwald viscosity pipette and also a simplified 

pipette called a jelmeter. Therefore, the relative viscosity of a 

pectinic acid solution is an accurate measure of its sugar-carrying 

capacity only when it is measured at 26° C. 

Theory of Pectinic Acid Gel Formation 

A fruit pectin gel is formed from pectinic acids by sugar, 

hydrogen ions, and under certain circumstances divalent ions. As 

pectinic acids are heterogeneous colloids and their molecular structure 
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still a subject of debate, the mechanism of gel foriation is still 

largely theoretical. The following are some of the views expressed by 

several workers on how a pectinic acid gel forms. 

Sucharipa in 1923, (46, p.59) theorized that fruit jelly is formed 

by the coagulation of pectin into honeycomb-like cells which hold the 

sugar, water and acid. 

Spencer in 1929, (45, pp.2003-2004) and Joseph in 1940, (26, p.410) 

theorized that in ge]. formation the colloidal pectin, which in the 

sol state is stabilized by layers of adsorbed water, is precipitated 

or dehydrated by the sugar. The former stated that acid decreased the 

amount of sugar needed to destabilize the pectin. 

Hinton in 1940 (23, p.1226) stated that lowering the pH reduces 

the negative charges on the carboxyl groups of the pectinie acid 

molecules, favoring gel formation. When the dissociation of the 

carboxyl groups is diminished by addition of acid, the pectmnic acid 

molecules ore brought to a nonionized state. The concentration of 

these nonionized molecules must exceed their limits of solubility 

sufficiently if gel formation is to occur. 

Speiser and Eddy in 1946, (44, p.291) and Speiser, Coploy and 

Nutting in 1947, (43, p.121) postulated that a colloidal pectin sol 

becomes a rigid elastic gel as the result of either hydrogen bonds or 

ionic bonds. The strength of a gel due to hydrogen bonding is 

determined by the degree of polymerization or the molecular weight of 

the pectinic acid molecules. According to these authors sugar is 

bonded to the pectinic acid. The ionic bonds which are stronger than 
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the hydrogen bonds are formed between a div1ent ton like calcium and 

two carboxyl groups on the polyalacturonic acid polyner. The 

strength of this type of bonding depends upon the number of methoxyl 

groupc on the molecule as well as the distribution of the methoxyl 

groups (23, p.1225) along the polyg1acturontc chain. 

Pippen, Schultz and Owens in 1953, (41, p.lO3) concluded that 

gel formation was due to hydrogen bonding between carboxyl groups 

and hydroxyl groups and that sugar dId not participate in the bonding. 

These authors stated that suar desolvates the pectin, thus permitting 

bonding. 

Factors Influencing the Quality of Jelly 

Pectinic acIds, hydrogen ions, sugar, and divalent Ions all 

contribute to gel formation. These factors are interdependent and 

their proportions can vary witl'in certain 1imit. It is this complex 

interdependence that has made the study of the jellying properties of 

pectinic acids a puzzling phenomenon. Hence it is not suprising that 

el1y making in the home is still an art. 

Pectinic acid. (1) Chain length. The molecular weight of the 

pectinic acid influences its gel forming ability, the longer the chain 

the greater the jellying pewer (37, p.18). For this reason, 

depolymerization due to the activity of the enzyme, polygalacturonase, 

should be avoided and heating in the presence of acid should be kept 

to a minimum (39, p.43; 21, p.55). (2) Concentration. Pectinic acids 

of high jellying power must be present in concentrations of at least 
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0.2 per cent if gelation is to occur, while pectinic acids of low 

jellying power must be present in concentrations up to 1.5 per cent 

(8, p.106). (3) Methyl ester groups. There are two schools of thought 

i-û regard to the influence of methyl ester groups on the quality of 

the jelly. Deuel (15, p.1226) reported that the more fully methylated 

the pectinic acids the easier it is to make jelly with or without 

acid. Baker and Goodwin (3, p.38), however, reported that as the 

methyl groups are decreased to 7 per cent the jellying power of the 

pectinic acid improves due to the increased chemical activity of the 

free carboxyl groups. Pippen, Schultz and Owens (41, p.97) evaluated 

the evidence for the two views and favored those of Baker and Goodwin 

(3, p.38). The spatial distribution of methyl ester groups along 

the pectinic acid chain also affects the quality of the jelly. Speiser 

and Eddy (44, p.292) reported that enzyme-deesterified pectin formed 

a weaker gel than did acid deesterified pectin. They attributed this 

to the fact that enzyme action is selective and that certain portions 

of the polymer may not be deesterif Led. The action of acid, however, 

is more random resulting in a better distribution of carboxyl groups 

along the polygalacturonic acid chain. 

Hydrogen ion concentration. Hinton (22, 

the pH of gelation of fruit pectins is usuall 

become firmer as the pi-I is lowered to 2.0 and 

beyond this point. Poor jellying pectins gel 

Generally speaking high methoxyl pectins will 

values while lowering of the methoxyl content 

for gelation (3, p.21; 22, p.65). 

p.15), reported that 

y below 35. Jellies 

become weak again 

at an optimum pH of 2.0. 

form gels at higher pH 

lowers the optimum p11 
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Goldthwaite (19, p.335) first reported that tartaric acid was an 

effective acid to use in making jelly. Tarr (47, p.34) reported that 

it took half as much tartaric acid solution as citric acid solution 

of the same normality to bring about the same change in pH. 

Sugar. Goldthwaite (19, p.336) first pointed out that the 

proportions of sugar that could be added to a jelly stock depended 

upon the pectin present. The amount of sugar influenced the quality 

as well as the vohmie of the cooked jelly. Adding too much sugar 

produced a weak jelly while not enough sugar produced a tough jelly. 

Different fruit pectins require different concentrations of sugar 

to form a good jelly. Gooseberries (33, p.166) and cranberries 

(14, p.349) make jellies at sugar oncentrations of less than 60 

per cent. Apple pectin jellies can be made with sugar concentrations 

ranging from 60 to 65 per cent. 

The concentration of sugar necessary for gel formation decreases 

with a decrease in pH (48, p.27). It also decreases with a decrease 

in methoxyl groups provided calcium ions are added (3, p.41). 

Inversion of sugar occurs as the jelly is cooked. The amount 

of sugar inverted depends upon the heating time, amount of acid and 

the kind of acid (48, p.16). 

Divalent ions. Divalent ions like calcium aid in jelly formation 

by releasing the hydrogen ions from two adjacent carboxyl groups on 

the pectinic acid molecule in exchange for the metallic ion (7, p.481). 

This lowers the pH of the pectinic acid solution and reduces the buffer 
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action of the pectinic acids (21, p.597). Calcium salts like calcium 

chloride can coipensate for a slight deficiency in either sugar, or 

acid, or pectin in gel formation (21, pp.595-597). In addition, 

calcium ions can form gels with low inethoxyl pectinic acids at lower 

concentrations of sugar (3, p.43). These ionic type bonds between 

the carboxyl groups, being short and stronger than the hydrogen bonds 

which presumably are more numerous in jellies from the high methoxyl 

pectins, result in a more brittle gel (44, p.131). 

Concentration of Pectic Substances in Strawberries 

Several workers have reported the total pectic substances in 

strawberries. In evaluating the figures for the total pectic 

constituents of strawberries or any other fruit it must be remembered 

that the concentration of pectic material in fruits varies because 

of differences in the growth, variety, maturation and storage of the 

fruit analyzed. The analytical reports have not always given the 

details of sampling of the fruit so that the results are hard to 

interpret (27, p.282). 

Cochran and Webster (11, p.241) found an average of 0.41 per 

cent total pectic substances on the fresh weight basis in strawberries 

of unknown variety. Conrad (12, p.100) analyzed Klondike strawberries 

of different degrees of ripeness and found that the white berries 

contained 0.61 per cent total pectic substances calculated as calcium 

pectate on the fresh weight basis. The half ripe berries averaged 

0.48 per cent and the fully ripe berries averaged 0.40 per cent. 

Kerteaz (27, p.321), using five varieties, reported a range of 0.38 
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to 1.42 per cent total pectic substinces on the fresh wight basis of 

strawberries of different degrees of ripeness. The white berries 

contained the highest concentration of total pectic substances, and 

the amount decreased roarkedly as the berries became half ripe. 

Further ripening decreased somewhat the pectic substances in some 

but not in all varieties. This, plus the fact that Conrad (12, p.100) 

reported that Kiondike strawberries could be held for 47 hours at 

300 C. without much change in either the soluble or the total pectic 

constituents, led Kertesz (27, p.321) to believe that strawberry 

pectin is relatively stable. 

Strawberries contain lower amounts of pectic substances than 

do many other fruits. The per cent pectic acid on the fresh weight 

basis of strawberries and five fruits with high jellying power have 

been reported by Lampitt and Hughes (30, pp.622-632) as follows: 

cooking apples 1.29, blackberries 0.94, red currants 1.16, goose- 

berries 1.05, loganberries 0.65, and strawberries 0.68. The varieties 

of the fruits analyzed were not reported. Thus strawberries are not 

rich in pectin, but the amount is not low enough to account for their 

low jellying properties. 

Quality of Strawberry Pectin 

The ability of a fruit to form a pectin jelly depends upon the 

quality of the pectin as well as upon the amount of pectin present. 

Hiaton (22, p.89) reported that strawberry pectins were naturally 

weak in jellying power even when extracted under ideal condition. 
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He attempted to relate the jellying power of fruit pectins to a nimber 

of chemical properties and concluded that the degree of polymerization 

was the important factor in determining the jellying quality of the 

pectin. 
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EXPERIMENTAL METHOD 

Preparation and Storage of the Strawberries 

Two varieties of mature strawberries, the Marshall and the 

Northwest, were used in this study. The Marshall berries were picked 

from a local field during the second week of June 1957 near the end 

of the bearing season. The berries were picked over a period of 

three days. For the first two days, the weather was cloudy with 

intermittent showers and on the third day sunny. Immediately after 

picking, the strawberries were washed, capped and packed without 

sugar in quart and pint freezing containers and frozen immediately. 

The Northwest berries were purchased from a local freezing plant. 

The bearing season for this variety was at its peak. All strawberries 

were from one picking on a warm sunny day. These were washed, sorted 

into small, medium and large sizes and packed into 5-pound tins for 

freezing. All strawberries were held in frozen storage for the 

duration of the experiment which was six months. 

Sampling of the Strawberries 

For the test jellies a composite of the Marshall strawberries 

from the three days were used for each replication. In the case of 

the Northwest berries two 5--pound tins of small and large sizes were 

mixed for each batch used. 



Preparation of Strawberry Jelly Stock 

For each extraction a 2000-gram sample was used. Either acid or 

sodium hexametaphosphate was used to aid in extracting the pectin 

from the strawberries. The berries were crushed, brought to a boil 

rapidly and were then simmered for 5 minutes. This extraction time 

is a comon household practice for making jelly from soft fruits. 

After the 5 minutes heating time, the final weight of the berries was 

adjusted to 2,200 grams with distilled water. The berries were then 

cooled quickly in cold water and the stock was clarified by squeezing 

it through a flannel jelly bag and then allowing it to drip through 

the bag without squeezing. 

Extraction with acid. For measuring the pH, a Beckman pH meter 

which was adjusted at pH 3.57 with the use of a 0.4 per cent cream 

of tartar solution (24, p.382) was used. The pH of the raw fruit 

slurry was measured before extraction. The pli of the strawberries 

was 3.3 to 3.4 and it was suggested (22, p.15) that weak jellying 

pectin has an optimum pH for gelation of 20. Thus more acid would 

be needed to lower the pH of the strawberry pectin solution to create 

ideal conditions for gelation. Therefore, acid was added at the 

beginning when the pectin was extracted to aid in the hydrolysis of 

the protopectin (7, p.479). Lemon juice was used in the preliminary 

work, but because it diluted the extracts a 50 per cent tartaric acid 

solution was used instead. Enough 50 per cent tartaric acid was 

added to the berries to bring the pli to 3.1. 
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Extraction rith codjun hexaraetaphocphate. sodium hexitnetaphos- 

phate was used to aid in making soluble the pectates and pectinates. 

Because the pH of the strawberries was within the rance of 3.0 to 

4.0 recontended for extraction of pectin with sodini hexarnetaphos- 

phate, no acid was added to avoid posib1e depolymerization of the 

pectin. In the preliminary work three levels of sodium hexameta- 

phosphate, 0.5, 0.75, and 1.0 per cent, were used for the extraction. 

The relative viscosity of the jelly stock was the same regardless of 

the level of sodium hexametaphosphate used. Therefore 0.5 per cent 

of sodium hexametaphosphate (10 grams per 2000 grams of strawberries) 

was used in the experiment because it gave the lowest pli for the 

extraction. The pH of the berries after extraction with sodium 

hexametaphosphate was adjusted to 3.]. by addition of 50 per cent 

tartane acid. 

Relative Viscosity of the Strawberry Jelly Stocks 

Both the jelmeter and the modified Ostwald viscosity pipette 

were used to measure the relative viscosity of the jelly stocks. A 

sample cf each jelly stock was adjusted to pH 2.75 and the viscosity 

measured at 260 C. To control the temperature when using the modified 

Ostwald pipette the pipette was suspended in a test tube surrounded 

by water at 26° C. 

The jelly stocks were stored in the refrigerator overnight and 

the jellies were made the following day. 
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Making the Strawberry Jellies 

Four test jellies were made from the jelly stock extracted with 

both acid and sodium hexametaphosphate giving 8 test jellies in each 

replicatïon for each of the two varieties. The four test jellies 

vere as follows: sugar only, sugar and calcium chloride, and sugar, 

calcium chloride and one of two levels of acid. There were three 

replications of the experiment giving 12 test jellies made from sugar 

only, 12 from sugar and calcium chloride, and 12 from sugar, calcium 

chloride, and each of the two levels of acid. 

Ingredients. (1) Jelly stock. For each test jelly 316 grams 

of stock was used. (2) Sugar. The proportion of sugar used with 

each stock was based on the relative viscosity as measured by the 

jelmeter. In the preliminary work weak or syrupy jellies were 

obtained when the amount of sugar used was based on the relative 

viscosity of jelly stock as measured by the modified Ostwald pipette 

(1, p.305). It was felt that the larger amount of sugar called for 

by this method was too much for the amount of pectin in the jelly 

stock. (3) Calcium chloride. Those test jellies made with calcium 

chloride contained 2.0 grams for each 316 grams of stock. The amount 

of calcium chloride used in the jellies was based on the recommendation 

made by Halliday and Bailey (21, p.597). They found that addition of 

0.5 to 1.0 per cent calcium chloride based on the weight of the 

finished jelly improved the jelly strength. After the calcium 

chloride was added the pH of the jelly stock mixture was measured. 
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(4) Acid. The two test jellies made with added acid contained either 

4 or 6 milliliters of 50 per cent tartaric acid. After the addition 

of the acid the pl1 of the jelly stock was measured. 

Final temperature. All jellies were boiled to 106.5° C. to give 

a 70 per cent sugar concentration in the finished jelly (33, p.63). 

This temperature was used because preliminary tests indicated that 

jellies boiled to temperaturesranging from 104 to 106° C. were syrupy, 

weak, or soft. Coldthwaite (20, p.462) earlier had found that straw- 

berry pectin jellies had to be boiled to 1050 C. in contrast to the 

other fruit jellies which were boiled to 103° C. Presumably the 

thickness of the syrup reinforces the structure of the jelly 

(41, p.103). 

Because of difficulty in removing the jelly at precisely 106.5° C. 

the refractive index of samples from the test jellies was measured as 

a check on the concentration of sugar in the finished jellies. The 

test was done at 25.50 c. The percentage of sugar thus determined 

does not take ïnto consideration the varying amounts of invert sugar 

formed during the cooking period or the influence of the calcium 

chloride and the sodium hexametaphosphate on the refractive index. 

The percentages of sugar reported are therefore only approximations 

of the sugar concentrations. 

The jellies were poured into test jelly glasses. These glasses 

had a height of 3.12 inches, a capacity of 170 milliliters and they 

were built up with tape "sideboards" (13, pp.441-442). 
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Testing the Jellies 

All jellies were held 48 hours before they were tested (45, 

p.2007). The "sideboards" were removed and the jelly was cut level 

with the top of the glass with a taut wire. 

: 
cent .& As one index of the character of the jelly, the 

sagi of the jelly from each of the treatments was measured by the 

Exchange Ridgelimeter (13, pp.441-442). For this test, the jelly 

was turned on to a glass plate and allowed to stand for two minutes 

before measuring the per cent sag. In some cases the sag of the 

jelly was too great to read without the insertion of two extra 

glass plates below the glass containing the jelly. The per cent 

sag represented by the thickness of the two glass plates was added 

to the per cent sag of the jelly as measured. 

Subjective test. Three judges ranked the jellies in descending 

order for clearness, cleavage, stickiness, saltiness and overall 

desirability. 

Colorimetric Determination of Pectic Constituents in the Strawberries 

n analysis of the pectic constituents in the two varieties of 

strawberries was made to throw some light on the problems of making 

strawberry jelly. 

i Thanks is given to Dr. E. Litwiller for the use of the Exchange 
Ridgelimeter. 
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Through the years several methods of determining pectic sub- 

stances have been developed. Recently, a colorimetric method was 

developed by 1cComb and McCready (34, pp.l630-l632). This method 

is based on the ability of galacturonic acid in the presence of 

concentrated mineral acids to form a colored compound when t reacts 

with carbaole (17, p.190). This reaction is a general reaction for 

sugars which under certain conditions can be made apecifLc for 

hexuronic acids. 

The method as used in the present study was the modification 

worked out by Dietz aud Rouse (1G, pp.169-177) for citrus pectin. 

In theIr method three fractions were extracted according to their 

solubility in water, sodium hexarnetaphosphate, or sodium hydroxide. 

Water was used to extract the high methoxyl pectins. Sodium 

hexametaphosphate was used to extract the calcium or magnesium salts 

of low methoxyl pectinic acids. Sodium hydroxide was used to extract 

the calcium and magnesium pectates and any insoluble pectic material 

not extracted by the sodium hexametaphcsphate. Other than the 

following modifications the analysis of pectic substances in the 

strawberries was followed as outlined by Dietz and Rouse 

(16, pp.l7l-l73). 

Changes in method of extraction. For the analysis, samples were 

taken from each lot of berries from which the stock was extracted. 

A slurry of the frozen berries was made by blending in a Waring 

blendor for 6 minutes. Four five-gram subsamples were then 

analyzed, giving a total of 12 analyses of each variety. 
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1. Two washings with 60 per cent alcohol instead of one were used 

in order to wash out any possible traces of soluble solids which might 

interfere with the determination. 

2. To insure sharper separation of the supernatant, 

diatoinaceous earth (0.1 gram) was added to each sample before 

extracting the water soluble fraction2, and the centrifuging time 

was increased from 10 minutes to 15 minutes at a speed of about 

2,400 r.p.m. 

3. The 3 fractions of pectic substances with the added sodium 

hydroxide were held until the following morning when the colorimetric 

procedure was carried out. 

Changes in calorimetric procedure. 1. After adding the sulfuric 

acid, the tubes were stoppered and heated at 85° C. in a water bath 

for 10 minutes to facilitate color development (35, p.1630). 

2. The tubes were shaken thoroughly and cooled in cold water 

after the heating period and again before pouring into the cuvettes. 

The optical density was read in a spectrophotometer3 at a wavelength 

of 525 millimicrons within 30 minutes of the end of the heating period. 

3. The blank was made up of 0.05 milliliters distilled water, 

0.05 milliliters purified ethyl alcohol, and 6 milliliters 

concentrated sulfuric acid. 

2 Appreciation is given to William Sistrunk for suggesting this 
modification in the method. 

3 Appreciation is given to Dr. C. A. Storvick for the use of the 
Coleman Junior Spectrophotometer, Model 6A, Coleman Instruments 
Inc., 318 Madison St., Maywood, Illinois. 
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RESIJTJTS AND DISCUSSION 

Pectic Constituents in Marshall and Northwest Strawberries 

The three fractions, water soluble, sodium hexametaphosphate 

soluble, and sodium hydroxide soluble, and the total pectic 

constituents of the Marshall and Northwest strawberries as 

determined by colorimetric analysis, are found ja Table I. The 

pectic constituents are expressed as per cent anhydrogalacturonic 

acid on the fresh weight basis. 

The Northwest berries averaged 0.40 per cent total pectic 

constituents while the Narshalls averaged 0.35 per cent. The 

Northwest berries had more of each fraction of pectic constituents 

than did the Marshall variety. The greatest difference was in the 

sodium hexametaphosphate soluble fraction. The higher percentage of 

this fraction in the Northwest berries could be due to inherent 

differences in the pectic substances in the 2 varieties or possibly 

to demethylation by the action of the enzyme, pectinesterase, upon 

the pectinic acids because of less careful handling before the berries 

were prepared for freezing. Approximately one half of the pectic 

constituents in each variety was water soluble, high methoxyl pectin. 

The sodium hexametaphosphate soluble and the sodium hydroxide soluble 

fractions were approximately the same in the Northwest berries, and 

for the Marshall variety the sodium hexametaphosphate soluble fraction 

was a little more than half of the sodium hydroxide soluble fraction. 



TAIlLE I 

Anhydrogalacturonic Acid in Three Fractions of Pectic 
Substances from Marshall and Northwest Strawberries 

(per cent of fresh weight) 

piication Sanple__ Marshall Northwest 
H20 (NaP33)6 NaO!-! 2O (NaPO3)6 aOH 

soluble soluble soluble Total soluble soluble soluble Total 

i .187 .065 .104 .356 .192 .084 .100 .376 
2 .188 .064 .105 .357 .179 .089 .104 .372 
3 .189 .067 .105 .361 .191 .085 .103 .379 
1 .189 .063 .107 .359 .191 .085 .103 .379 

Average .188 .065 .105 .358 .138 .086 .102 .376 

1 .185 .064 .102 .351 - - - - 

2 .183 .063 .103 .349 .196 .088 .114 .398 
2 3 .175 .063 .104 .342 ..92 .090 .119 .401 

4 .187 .02 .103 .352 .191 .089 .118 .398 

Average .182 .063 .143 .348 .193 .089 .117 .399 

1 .196 .070 .115 .3i .199 .099 .126 .424 
2 .171 .071 .113 .355 .212 .098 .126 .436 

3 3 .170 .070 .113 .353 .232 .098 .131 .431 
.170 .073 .115 .356 .196 .098 .125 .419 

Average .177 .070 .114 .361 .202 .096 .127 .427 

Grand Average .182 .066 .107 .355 .194 .091 .115 .401 



Hydrogen Ion Concentration 

The pli values of the Marshall and of the Northwest strawberries 

and of the jelly stocks used for the different test jellies are given 

in Table II. 

Raw strawberries. The pH of the Marshall berries averaged 3.39 

and that of the Northwest 3.45. These pH values fall within the 

range of 3.20 to 3.62 as reported for Marshall berries by Yao 

(49, p.32). 

Jelly Stock. As stated under method the jelly stocks extracted 

with acid were previously adjusted to pli 3.1. with 50 per cent tartaric 

acid. The Northwest berries because of their originally slightly 

higher pH required more acid. The use of sodium hexametaphosphate 

as an extractant raised the pli of the strawberries during extraction 

of the jelly stock to 3.76 for the Marshall berries and to 3.74 for 

the Northwest variety. As explained earlier the pli of the jelly 

stock was subsequently adjusted to approximately 3.1. 

Stock with added calci chloride. The addition of calciimi 

chloride to the jelly stock from the Marshall berries lowered the 

pH from 3.11 to 2.89 for that extracted with acid and to 2.92 for 

that extracted with sodium hexametaphosphate. For the Northwest 

variety the addition of calcium chloride lowered the pH of the stock 

extracted by acid to 2.99 and that extracted by sodium hexameta- 

phosphate to 2.97. 



TABLE II 

pH of Marshall and Northwest Strawberries 
and of the Extracts Used for the Test Jellies 

Extractant Test Jellies 
Raw (NaPO3)6 CaC12 CaC12 and CaC12 and 

Strawberries Sample Fruit Original Adjusted Acid Sugar only added 4 ml acid 6 ml acid 
A B A B A B A B 

1 3.39 3.79 3.10 3.10 3.10 3.10 2.91 2.91 2.70 2.76 2.60 2.69 
Marshall 2 3.40 3.79 3.14 3.13 3.13 3.14 2.82 2.87 2.60 2.70 2.53 2.61 

3 3.39 3.70 3.11 3.10 3.10 3.11. 2.89 2.99 2.69 2.76 2.61 2.71 
average 3.39 3.76 3.12 3.11 3.11 3.12 2.89 2.92 2.66 2.74 2.58 2.67 

1 3.45 3.72 3.13 3.13 3.13 :.1 3 3.00 3.00 2.83 2.84 2.72 2.79 
Northwest 2 3.45 3.70 3.10 3.10 '.lU . O 2.96 2.99 2.72 2.79 2.65 2.72 

3 3.46 3.80 3.14 3.13 3.13 3.14 3.00 2.93 2.79 2.8]. 2.71 2.75 
average 3.45 3.74 3.12 3.12 3.12 3.12 2.99 2.97 2.78 2.81 2.69 2.75 

A - Jelly stock extracted with acid. 

B - Jelly stock extracted with sodium hexametaphosphate (NaPO3)ó. 

C' 
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Stock with added calcium chloride and tartaric acid. The 

addition of 4 milliliters of tartaric acid and calcium chloride to 

the stock extracted with acid lowered the pH still further to an 

average of 2.66 for Marshall berries and 2.78 for the Northwest 

variety. Addition of 4 milliliters tartaric acid and calcium 

chloride to the stock extracted with sodium hexametaphosphate lowered 

the p11 to 2.74 in the Marshall variety and to 2.81 in the Northwest 

variety. The addition of 6 milliliters brought a further drop in the 

p11 of the jelly stocks. Jelly stock from the Marshall berries with 

added calcium chloride or with calcium chloride and tartaric acid 

had lower pH values than did the corresponding stocks from the 

Northwest variety. 

Relative Viscosity 

The relative viscosity of the jelly stock extracted either with 

acid or with sodium hexametaphosphate is found in Table III. The 

jelly stock from the Northwest berries had a higher relative viscosity 

than did that from the Marshalls presumably indicating that the 

Northwest berries had either more pectic constituents or pectin of 

higher jellying power. The higher relative viscosity of the jelly 

stocks extracted from both varieties with sodium hexametaphosphate 

indicated that sodium hexametaphosphate aids in the extraction of 

strawberry pectin. In fact, using the sodium hexametaphosphate 

doubled the relative viscosity of the jelly stock from the Northwest 

berries. 



TABLE III 

Relative Viscosity of Strawberry Jelly Stocks 
Extracted with Acid and with Sodium 

Hexametaptiosphate (pII 2.75 and 26° C.) 

Extractant 
Variety 

Acid Sodium Hexametaphosphate 
2 3 ave. 1 2 3 ave. 

Marshall 8.4 9.3 10.0 9.2 13.6 15.0 15.5 14.7 

Northwest 11.1 10.3 12.7 11.3 25.5 21.3 24.0 23.6 

Proportions of Sugar Used in the Jellies 

The weight of the sugar used for each test jelly as determined 

by the jelmeter is recorded in Table 1V. The proportions of sugar 

were the same for the three replications of each extraction of each 

TABLE IV 

Sugar (in grams) per 316 Grams of Jelly Stock 
(Viscosity determined at 26° C. and pli 2.75) 

Extractant 
Variety 

Acid Sodium Hexametaphosphate 
1 2 3 ave. i 2 3 ave. 

Marshall 200 200 200 200 250 250 250 250 

Northwest 233.3 233.3 250.0 238.8 300 300 00 300 
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variety except for replication three extracted by acid from the 

Northwest variety. It is obvious that the modified Ostwald pipette 

is the more sensitive measurement of viscosity of the jelly stock, 

but the amount of sugar used in the jellies was not based on this 

method for reasons explained earlier. 

Jelly Yield 

The finished weights of the jellies which were boiled to 106.5° C. 

are found in Table V. Jellies made with added sugar only weighed 

the least indicating that the jellies had the greatest amount of 

evaporation. Jellies with added calcium chloride weighed more than 

did those with sugar alone. The addition of acid gave the highest 

yields and there was little difference due to the level of acid used. 

The addition of ca1ciin chloride and of tartaric acid lowered the pH 

of the jelly stock causing inversion of sugar as the jelly was boiled. 

Thus, these jellies reached a temperature of 106.50 C. with less 

evaporation * 

The total soluble solids in the strawberry jellies as determined 

from the refractive index are found in Table VI (24, pp.2680-2681). 

There is close agreement between the finished weights and the per 

cent soluble solids in the finished jellies. Those jellies which 

weighed the least had the highest per cent solids even though they 

were all boiled to the same temperature. 



TABLE V 

Finished Weights or Marshall and Northwest 
Strawberry Jellies Boiled to 106.5° C 

(grams) 

Extractant 
Strawberries Test Jellies 

Acid Sodium Hexametaphosphate 
1 2 3 Average 1 2 3 Average 

Sugar 312.2 312.0 316.3 313.5 386.5 387.5 392.4 388.8 

Sugar and CaC12 335.2 337.4 332.3 334.9 411.6 400.7 399.3 403.9 
Marshall 

Sugar. CaC1', and 340.2 347.8 350.8 346.3 413.2 420.9 414.1 416.1 
4 ml tartarc acid 

Sugar, CaC12 and 347.7 344.8 348.7 347.1 426.2 418.8 416.5 420.5 
6 ml tartaric acid 

Sugar 367.0 366.7 365.2* 366.3 464.1 466.1 473.1 467.7 

Northwest Sugar and CaC12 383.3 388.3 382.5 384.7 476.3 474.0 475.8 475.4 

Sugar, CaC12 and 403.4 398.0 395.7 399.0 487.0 487.8 489.0 487.9 
4 ml tartane acid 

Sugar, CaC12 and 402.9 407.7 402.1 404.2 490.5 493.3 491.9 491.9 
6 ml tartaric acid 

* Weights were calculated on the basis of the same weight of sugar as replication 1 and 2. 



TABLE VI 

Fer cent Soluble Solids in Marshall and Northwest 
Strawberry Jellies Boiled to 106.5° C. 

Strawberries Test Jellies 

Acid 

Extractant 

Sodium Hexametaphosphate 
1 2 3 Average 1 2 3 Average 

Sugar 71.06 72.36 71.66 71.69 71.96 71.66 71.16 71.59 

Sugar and CaC12 68.56 68.76 69.46 68.93 69.06 70.66 70.96 70.23 
Marshall 

Sugar, CaC1, and 68.56 67.36 66.86 67.59 68.66 68.16 68.96 68.59 
4 nil tartarte acid 

Sugar, CaC1, and 
6 ml tartartc acid 

Sugar 

Northwest Sugar and Cad2 

Sugar, CaC1, and 
4 ini tartartc acid 

67.36 68.06 67.36 61.59 66.96 68.56 68.96 68.16 

73.16 72.76 72.66 72.86 71.56 71.06 70.76 71.13 

71.16 70.36 70.86 70.79 70.96 71.66 71.56 71.39 

68.26 69.16 68.76 68.73 70.06 69.86 70.36 70.09 

Sugar, CaCl2 and 68.16 68.16 67.46 67.93 69.86 69.26 69.96 69.69 
6 ml tartaric acid 



32 

Quality of the Jellies 

The sag of each of the 8 test jellies made from Marshall and 

Northwest berries is found in Table VII. A sunuary of the ranks by 

the judges of the characteristics of the 8 test jellies of both 

varieties of berries is found in Table VIII. 

cent Part of the variation in the per cent sag from 

replication to replication was possibly associated with differences 

in jelly yield. In most instances jellies with greater yield had 

more sag. Jellies from the Marshall variety had less sag than did 

those from the Aothwect. Most of the Northwest jellies were either 

too weak to stand, too low to measure, or syrupy. The only jellies 

from this variety firm enough to measure were those made from the 

stock extracted with sodium hexametaphosphate to which calcium chloride 

and acid had been added. The jellies made from the stock extracted 

with sodium hexametaphosphate stood up better than did the jellies 

made from the stock extracted with acid. This could possibly be due to 

less depolymeriation when the pectin was extracted frein the 

strawberries without acid. For both varieties the jellies made with 

sugar only were the weakest. In fact, for the Northwest variety they 

were syrupy even though the pH was the same as that for the Marshall 

berries. 

For the Mar3hall variety addition of calcium chloride reduced 

the sag of the jellies made from the stock extracted with sodium 

hexametaphosphate. Addition of calcium chloride improved the jelly 

formation of the jellies made from the stock extracted with acid 



TABLE VII 

Fer cent Sag of Jellies Made from Marshall and Northwest Strawberries 
(Boiled to 106.5° C,) 

Etractant 
Strawberries Test Jellies 

Acid Sodium }Iexametaphosphate 
1 2 3 Average 1 2 3 Average 

Sugar col- top- top- top- 38,9 40.5 too 39.7 
lapsed pled pled pled low 

Sugar and Cad2 35.4 38.4 34.6 36.1 frac- 32.9 33.2 33.1 
Marshall tured 

Sugar, Cad2 and 31.8 38.0 37.0 35.5 32.2 35.6 33.2 33.6 
4 ml tartaric acid 

Sugar, CaCI9 and 32.8 35.0 34.6 34.1 35.2 33.3 32.4 33.6 
6 ml tartaric acid 

Sugar very col- soft soft syrup syrup syrup syrup 
soft lapsed jelly jelly 
jelly 

Northwest 
Sugar and CaC12 too soft too too col- col- too col- 

low jelly low low lapsed lapsed low lapsed 

Sugar, CaCl2 and soft top- top- top- 43.2 45.4 44.9 44.5 
4 ml tartaric acid jelly pled pled pied 

Sugar, CaCl? and too top- top- top- 40.9 44.9 39.3 41.7 
6 ml tartar.c acid lo'i pled pled pled 

t., 

-t., 
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onou;h so that the percentage sag could be measured. Addition of the 

higher level of acid is well a calcium chloride to the jelly stock 

extracted with acid reduced the sa of the resulting jellies but did 

iiot make much difference in the sag of the jellies made from the stock 

etractcd with sodiun hexarnetaphosphate. Thus, the addition of ca1ci.nu 

chloride alone was effective in strengthening the jelly from the 

Marshall strawberries by forming ionic bonds with the free carbocy1 

groups. Both tartaric acid and calcium chloride were needed to form 

firmer jellies from the Northwest variety which were by comparison 

still weaker than the jellies of the Marshall variety. 

Inspite of the higher sugar carrying capacity of the jelly stock 

extracted with soditm hexametaphosphate, these jellies of the Marshall 

variety had less sag at higher pli levels than the corresponding 

jellies made from the stock extracted with acid. 

One of the test jellies of the Northwest variety that stood up 

well enough so the sag could be measured had a pli of 2.75. Yet it 

had greater sag than did the test jelly of the Marshall variety with 

a pli of 2.74. In fact this strongest jelly of the Northwest variety, 

which had 6 milliliters of acid and calcium chloride added, had a 

greater sag than the test jellies from the Marshall variety made 

with sugar only or with sugar and calcim chloride at pli values of 

3.12 and 2.92 respectively. This would seem to indicate that the 

jellies of the Northwest variety needed more acid or more divalent 

ions due to the higher concentration of low methoxyl pectinic acids 

as compared to the Marshall berries. 



TABLE VIII 

Ranks* for Characteristics of Jellies from Marshall 
and Northwest Strawberries 
(3 judges and 3 replications) 

Marshall Northwest J3oth Varieties 
Test Average Numerical Average Numerical Average Numerical 

Characteristics Jellies Rank Order Rank Order Rank Order 

Al 8.0 8 7.0 8 7.5 8 

B1 5.4 6 1.4 1 3.4 3 

A2 5.8 7 6.5 7 .2 7 

Clearness B, 3.5 3 5.6 6 4.6 5 

A3 4.6 5 4.8 5 4.7 6 

B3 2.0 1 3.2 2-3 2.6 1 

A4 3.7 4 4.0 4 3.8 4 
B4 2.6 2 3.2 2-3 2.9 2 

Al 4.0 3 5.8 7 4.9 5 

BI 7.7 8 8.0 8 7.8 8 

A2 4.8 7 5.3 5 5.1 7 

Cleavage B2 4.2 5-6 5.7 6 5.0 6 

A3 3.8 2 3.5 4 3.7 4 
B3 .9 i 2.0 1 2.4 1 

Ai4 4.2 5-6 2.7 3 3.5 3 

B4 4.1 4 2.6 2 3.3 2 

A1 1.6 1 2.2 1-2 1.9 1 

'i 1.7 2 2.2 1-2 2.0 2 

A2 4.4 4 3.4 3 3.9 4 
Stickiness B2 3.3 3 4.0 4 3.6 3 

A3 5.4 5 5.2 5 5.3 5 

B3 5.5 6 5.7 6 5.6 6 

A4 6.5 7 6.2 7 6.3 7 

ß4 7.2 8 6.5 8 6.8 8 

Al 6.3 8 5.3 6 5.8 7-8 

J1 5.3 6 6.4 8 5.8 7-8 
A2 3.2 2 2.1 1 1.6 1 

Saltiness B2 2.4 1 2.5 2 2.5 2 

A3 4.7 3 4.7 4 4.7 3-4 
B3 5.4 5 4.1 3 4.7 3-4 

M 5.1 4 5.1 5 5.1 5 

134 5.6 7 5.5 7 5.6 6 

A1 7.3 8 5.8 7 6.6 7 

Bl 7.1 7 8.0 8 7.5 8 
A2 5.8 6 5.4 5-6 5.6 6 

Overall 132 4.3 5 5.4 5-6 4.8 5 
Desirability A3 3.5 3-4 3.3 4 3.4. 4 

133 1.8 1 2.6 2 2.3 1 

A4 3.5 3-4 2.4 1 3.0 3 

ß4 23 2 2.7 3 2.5 2 

* Rank of i is highest and 8 is lowest. 

A - Jellies from the stock extracted with acid. 
B - Jellies from the stock extracted with sodium hexametaphosphate. 

1 - Sugar only. 
2 - Sugar and calcium chlorïde. 
3 - Sugar, calcium chloride and 4 ml tartaric acid. 
4 - Sugar, calcium chloride and 6 ml tartaric acid. 

Ui 
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1erue. xractiva of jelly stock with sodi.mi uexametaphos- 

phate appeared to iavc a ciariyiag effect a these jei1ie ere 

ranked cìerer aud brigLLer haa those ade iroi the stock extraced 

iLL id. The four je11is aack roia he stock extracted by acid 

from each o the two varictie were ranked increasingly brighter and 

clearer as the Jelly weights increased, indicating the affects of 

concentration. In general, the same was true for the four jellies 

made from the stock extracted with sodium hexantetaphosphate, with 

the exccption of those made with sugar only from the Northwest 

variety, which were ranked clearest because they were so syrupy that 

the amplcs spread in a thin layer. 

Cleavage. Considering one variety at a time, the ranks of the 

jellies for cleavage did not appear to be closely related to the use 

of either extractant or to the additn of calcium chloride or acid 

in making the jelly. However, when the ranks for cleavage of the 

jellies from both varieties were considered, those with added calcium 

chloride and acid were ranked higher for cleavage. 

Stickincss. The mast sticky jellies were those made with sugar 

only. Addition of calcium chloride reduced the stickiness. Addition 

of acid reduced the stickiness still further with the higher level of 

acid producing the least sticky Jellies out of the 8 samples. Thus, 

the addition of calcium chloride and tartaric acid to the Jelly stock 

not only made the cleavage sharper, but also reduced the stickiness. 

The lower pH and the formation of short ionic bonds by the calcium 

ions were both essential to better gel formation. 



Saltiness. Jellies made with calcium chloride were ranked the 

saltiest and those with sugar only the least salty. Addition of acid 

depressed the saltiness produced by the calcium chloride. The higher 

level of acid depressed the saltiness more than the lower level. 

Overall desirability. The jellies made with added tartaric acid 

as well as calcium chloride were ranked more acceptable than those 

made with calcium chloride only. Jellies made with sugar only were 

the least desirable. Jellies made with added calcium chloride either 

alone or with acid from the stock extracted with sodium hexamneta- 

phosphate were ranked somewhat higher for overall desirability than 

the corresponding jelli irom the stock extracted by acid. The 

differences, however, were not marked. In addition, the jellies 

made from this stock were clearer and exhibited less sag and because 

of the greater viscosity of the stock and the larger amount of sugar 

used for the test jellies had a greater yield. 

The results here reported indicate that under certain conditions 

it is possible to make strawberry pectin jelly. lIowever, the fact 

that special conditions were needed to make the jelly indicates that 

strawberry pectin cannot be placed in the same category as other fruit 

pectins that gel relatively easily with sugar and acid. The jellies 

that formed under the best combination of factors investigated were 

elastic and resembled apple pectin jelly more than citrus pectin gels 

which tend to be more rigid and brittle. 



The fact that the strawberry jellies made with sugar alone were 

weak shows that hydrogen bonds were unable to form sufficient gel 

structure from the strawberry pectin at the hydrogen ion concentration 

used for these jellies. The presence of low methoxyl pectinic acids 

possibly created the need for more acid to form sufficient non- 

ionized pectin molecules and the need for calcium chloride to bring 

about gel formation through ionic bonding. The Northwest berries 

had the larger concentration of low inethoxyl pectinic acids which may 

explain why these jellies were weaker than comparable jellies from the 

Marshall variety. 

Possibly the relative viscosity was a false index of the jellying 

power of the strawberry jelly stock so that too much sugar was used 

for the amount of pectin present. This could be one reason why the 

Northwest berries did not gel as well as the Marshall berries as the 

former had a higher relative viscosity. 
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SMARY 

1. Marshall and Northwest strawberry jellies were made fron jelly 

stocks extracted with either acid or sodiim hexametaphosphate. 

Four test jellies were mude from each extract as follows: sugar 

only, sugar and calcin chloride, and sugar, calci chloride 

and one of two levels of acid. All the jellies were boiled to 

e r-O ,, 

2. On the basis of the relative viscosity of the jelly stocks and 

of the concentration of pectic substances in the berries as 

measured colorimetrically, the Northwest variety appeared to 

have more jellying power, but the jellies from this variety 

were weaker than those of the Marshall variety. 

3. The jellies of the Marshall varIety made fron the stock extracted 

with sodium hexametaphosphate had less sag at higher p11 levels 

than did correspondIng jellies made from the stock extracted 

with acid. At the same pli, jellies of the Northwest variety had 

more sag than dici those of the Marshall berries. 

4. The jellIes made with sugar only had the highest per cent soluble 

solids, were weakest, darkest in color, stickiest, and ranked the 

lowest for overall desirability. 

5. Addition of calcIum chloride improved gel formation noticeably, 

reducing the stickiness of the jellies and also increased the 

yIeld. 
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6. Addition of acid as well as calcion chloride further improved 

the jellies and increased the yield. 

7. The jellies made from the stock extracted with sodium hexameta- 

phosphate were clearer, had greater yield1 and most of them had 

less sag than jellies made from the stock extracted with acid. 
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