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ABSTRACT

From a culinary standpoint, firmness is one of the most important

attributes of thermally processed sweet potatoes; nevertheless, the

consistent production of a canned sweet potato that would hold its shape

while being prepared for the table is a problem confronting the sweet

potato processors. Although considerable research has been conducted

on variables generally associated with the firmness of cooked fruits and

vegetables, the firmness of canned sweet potatoes is an attribute which

is not fully understood.

This study was undertaken in an attempt to improve the firmness

of canned sweet potatoes. The following four major studies were con

ducted:

1. Effect of four thermal processing treatments on the firmness

of the canned product,

2. The relationship between changes in the AIS content during

thermal processing and the firmness of the canned product,

3. The relationship between changes in the pectic materials

during thermal processing and the firmness of the canned

product, and

U. The relationship between the diameter and the firmness of

the canned product.

The firmness of the raw and canned sweet potatoes was rated

objectively using the ASCO Firmness Meter and subjectively by taste

• • •
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panel evaluation. The changes in the AIS and in the pectic substances

were determined chemically. The results of the pectin analysis were

expressed as percentage AGA of the dry AIS.

Under the conditions of this study, several conclusions were

indicated:

1. The possibility of favorably influencing the firmness of

canned sweet potatoes by thermal processing treatments

designed to effect low degrees of cooking was indicated.

2. Thermal processing effected a marked decrease in the AIS

content. The two high processing temperature treatments had

a greater solubilizing effect on the AIS, regardless of pro

cessing time, than the two low processing temperature treat

ments. There was no relationship between the AIS changes and

the firmness of the canned product.

3. Thermal processing effected a marked decrease on the pectic

substances. The two low heat penetration ratio treatments

effected a lower degree of depolymerization on the total pec

tin than the two high heat penetration ratio treatments. The

changes in the pectic substances were not significantly related

to the firmness of the canned product.

4. Storage time was found to be a significant factor in the

objective evaluation of firmness and in the chemical analysis

for the AIS and pectin content of the canned sweet potatoes.
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CHAPTER I

INTRODUCTION

Kattan and Littrell (24)'« stated that firmness was among the

most important attributes of quality of canned sweet potatoes, and yet

this attribute was possibly the least understood or controlled.

Culpepper and Magoon (12) stated that in the use of canned

sweet potatoes for culinary purposes it was sometimes desirable to have

a product that was very firm and that would hold its form while being

prepared for the table. They found that freshly dug roots were very

firm and stated that this fact seemed to suggest a possible solution of

the problem of mushy canned sweet potatoes.

Baumgardner (i|) stated that, although stored sweet potatoes were

normally not utilized for canning, the consistent production of a firm

product was a major processing problem. They further stated that it was

often necessary to hold the canning stock for a week or more following

harvest and that the roots were subjected to a wide range of temperatures

during this time, depending upon the season and time of harvest.

Baumgardner and Scott (5) stated that a major problem confronting

the processor of small whole sweet potatoes was the consistent production

of a firm product. They stated that a certain degree of firmness was

required in order to insure the retention of the original shape and

*The numbers in parentheses represent similarly numbered references
in the Literature Cited.



form necessary for commercial acceptance. They found that processing

immediately after harvest produced a product of adequate firmness, but

the roots were quite soft when processing was delayed. However, they

stated that, although this effect was recognized, a holding period of

varying lengths continued to be the practice.

With the problem of the canned sweet potato firmness in mind,

this study was made in an attempt to:

1. Ascertain the effects of various processing treatments on

the firmness of the owned sweet potatoes,

2. Study the relationship between changes in the pectic materials

during processing and the firmness of the canned sweet pota

toes,

3. Study the relationship between changes in the alcohol insolu

ble solids (MS) content during processing and the firmness

of the canned sweet potatoes, and

4. Study the relationship between the diameter and the firmness

of the canned sweet potatoes.



CHAPTER II

REVIEW OF LITERATURE

I. EFFECT OF VARIOUS PROCESSING TREATMENTS ON

THE FIRMNESS OF THE CANNED SWEET POTATOES

Two references were found in the literature which mentioned the

relationship of different processing times to firmness changes of pro

cessed sweet potatoes. Baumgardner and Scott (5) studied the effect of

processing on the firmness of Nemagold variety. Using a temperature of

2'+0°F. and processing times of 20, M-O, 50, and 60 minutes, they found

that processing caused pronounced changes in the AIS constituents.

They also found that processing longer than 20 minutes resulted in pro

nounced alteration in the pectic constituents. However, the effect of

the various cooking times on the chemical changes could not be correlated

to the firmness of the sweet potatoes since roots processed 60 minutes

were just as firm as those processed 20 minutes.

Twigg and Scott (38) stated that decreasing processing time would

not result in increased firmness of the cooked product. Repeated trials

of cooks at 240°F. for periods greatly exceeding the recommended pro

cessing times showed that increasing the time of processing did not

result in a softer product and that decreasing the time of the process

did not result in a firmer product, The tests also showed that



greater firmness could only be obtained by undercooking to such an

extent that spoilage would be inevitable.

II. PECTIN CHANGES DURING PROCESSING AND THEIR

RELATION TO FIRMNESS OF PROCESSED

FRUITS AND VEGETABLES

Pectin is generally recognized as being the cementing substance

between cells. Kertesz (25) and Bettelheim and Sterling (7) located the

pectic substances in the middle lamella between adjoining cells and

stated that they were assumed to consist primarily of calcium salts of

pectic and pectinic acids. It was believed that the calcium between

polygalacturonic acid molecules was responsible for increasing or main

taining the cementing power between adjacent cells (10). This belief

was supported by the work of Van Buren (39) who studied the effect of

calcium during brining of Winsdor cherries and found that the calcium

formed insoluble salts with pectic acid and made possible the growth

of large calcium pectate aggregates that served effectively in strength

ening cell walls and enhancing intercellular adhesion.

It is generally agreed that there are three pectin fractions in

fruit tissue. Van Buren (39) described them as follows:

1. A water soluble fraction which was commonly referred to as

pectinic acid. Bettelheim and Sterling (7) added that this

fraction was low in calcium content and that it contributed

little to any cementing effect.
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2, A fraction soluble in Calgon (sodium hexametaphosphate) or

other calcium-complexing agent solutions. This fraction was

less highly methoxylated and formed insoluble salts with

calcium ions. This was called pectic acid. Bettelheim and

Sterling (7) added that the relatively high calcium content

of this fraction indicated that it was derived partly from the

middle lamella, since the middle lamella was rich in calcium;

that staining, in conjunction with Calgon application, indi

cated or appeared to support the view that pectic materials

were removed from the middle lamella in the cell wall; and

that the low intrinsic viscosity in this fraction was possibly

a result of the medianism of the solvent action, that is,

since the large metaphosphate poljmers of Calgon could not

penetrate deeply into the matrix of insoluble polysaccharides

only molecules exposed at the surfaces would be brought into

solution.

3. The third fraction, whose native state was unknown, was called

protopectin. This fraction was brought into solution with

dilute acid at elevated temperatures. According to Bettelheim

and Sterling (7), the removal of this fraction was effected

by solubilizing the calcium and other insoluble salts, break

age of hydrogen bonds, and breakage of primary valence bonds.

They found that this depolymerization resulted in decreased

intrinsic viscosity. They inferred that, since this value

was higher than that of the Calgon-soluble fraction, it was
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composed of higher molecular weight molecules. It was

generally agreed that this fraction was the parent pectin

and that it was primarily responsible for the cementing effect

between adjacent cells.

Numerous studies (3, 5, 11, 13, 25, 30) have been made on the

transformations which occur in fruit during maturation. They have shown

that ripening was accompanied by a decrease in protopectin and an

increase in soluble pectin. These changes were similar to those encoun

tered during processing of fruits and were irreversible in nature (1, 7,

26, 30, 34).

Numerous studies have shown that changes in pectic substances

are responsible for firmness loss of fruits during ripening and during

processing. Kertesz (25) found that the firmness of cherries depended

primarily on the natural pectin present, and McCready and McComb (28)

added that when this pectin was destroyed the cherries became soft.

Jacobs (22) suggested that the pectic substances of tomatoes formed a

firm gel around the fibrous tissue of the fruits, their function being

to prevent the collapse of the fruit and to aid in keeping it firm. As

the pectin components of the tomatoes were converted to less complex

units, there was a decrease in firmness and ultimate collapse of the

fruit. Van Buren (39) found that during ripening of Winsdor cherries,

the proportion of protopectin decreased, resulting in a softer texture

of brined cherries with increasing maturity of the fresh material. The

protopectin decrease was accompanied by a decrease in the intrinsic
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viscosity of the pectic material, indicating a decrease in the molecular

weight of the pectic substances.

Simpson and Halliday (3M-) associated the conversion of protopectin

to soluble pectin and a reduction of total pectic substances with the

softening of vegetables during cooking. They found that progressive

changes occurred in the pectic substances of carrots and parsnips during

cooking. In every instance these changes were in the direction of an

increase in pectin and pectic acid and a decrease in protopectin and in

the total pectic substances. They stated that the changes were similar

to those which occurred during the ripening of fruit and vegetable tissue

and that in both instances they were related to the softening which took

place. Using a staining technique, coupled with microscopic examination,

they found that the cell walls revealed that the loss of pectic sub

stances was particularly evident in the region of the primary cell wall

and intercellular spaces.

Baumgardner and Scott (5) found that the degree of firmness in

the sweet potato was mainly associated with changes in the pectic sub

stances. They found that as firmness values decreased on,processing

the protopectin contained in the AIS extractable materials also decreased.

Processing caused drastic changes in the nature of the pectic substances.

Cooking times longer than 20 minutes at 2M-0°F. ,affected the ethanol-

precipitation characteristics of the pectic substances. However, they

stated that apparently the change caused by prolonged processing was

not related to firmness since there was no difference in firmness between

the sweet potatoes cooked 20 minutes and those cooked 60 minutes.
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Ahmed and Scott (1) found that the nature and extent of the

pectic changes effected by baking or processing were similar to those

occurring during the storage of the fresh roots. Studying the effect of

pectin changes during curing and during cooking as related to the char

acteristics of the cooked sweet potato, they found that the intrinsic

viscosity values for the water-soluble and oxalate-soluble fractions

decreased markedly after curing and continued to decrease at a lesser

rate during the storage period. This indicated that depolymerization

of the respective molecules occurred during the curing and storage

periods, possibly as a result of enzymatic activity. They also found

that baking and processing resulted in a reduction in the total anhydro-

galacturonic acid content, particularly in the acid-soluble fraction

(protopectin). There also occurred a reduction in the degree of esteri-

fication and in the intrinsic viscosity values of the extractable poly-

galacturonides. The authors stated that softness and breakdown of the

processed roots, which were particularly evident when stored roots were

processed, differed greatly with varieties and could be related to the

content and nature of the pectic constituents. They further stated that

the lower content of the acid-soluble fraction and the lower viscosities

of the water and oxalate-soluble fractions (pectinic and pectic acids,

respectively) in the stored roots would substantiate such a relationship.

Roberts and Proctor (32) studied the effects of radiation on the

starch-containing cells of the Irish potato. Using microchemical methods,

they reported an alteration in the pectic substances of the middle
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lamella which resulted in a softening of the tissue. Unlike the action

of heat, irradiation had no effect on the cellulose-containing cell struc

tures, and it did not change the form of starch granules. However, from

this study one could only infer that the pectic substances were primarily

responsible for the firmness loss since no quantitative measure of tex

ture changes or pectic alterations were reported.

McArdle and Nehemias (26) studied the effect of gamma radiation

on the pectic constituents of fruits and vegetables. They found a

relationship between radiation-induced softening of apple and carrot

tissues and the changes which occurred in the pectic substances. This

study showed that gamma radiation caused a decrease in the total pectic

substances, indicating a breakdown of pectin and pectates to simpler

non-pectic materials. The most extensive changes occurred in the proto-

pectin which was almost completely destroyed by the high radiation dose

levels. The changes were manifested by decreased viscosities of all

three pectic fractions, indicating that depolymerization occurred during

irradiation. The authors stated that a destruction of all pectic sub

stances probably took place simultaneously; but protopectin, having the

most complex molecular structxire, was reduced most rapidly. They con

cluded that, since insoluble pectic materials maintain cellular adhesion

in plant tissues, the destruction of protopectin by ionizing radiation

appeared to be the cause of radiation-induced softening of fruits and

vegetables. They also concluded that alteration of protopectin in the

intercellular areas allowed the tissue to separate and loss of texture

occurred.
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Bettelheim and Sterling (8) studied the physical attributes of

Irish potato texture during cooking. They stated that cell separation

was the principal physical attribute of a mealy potato, and the degree

of cell separation was a measure of the degree of mealiness. They also

stated that certain characteristics of the pectic materials played a

role in the development of textural quality. Where the starch tended

to cause cell rounding and separation, the main role of the pectic

materials was to counterpose an adhesive force tending to prevent the

resulting cell separation. This passive role of the pectic materials

was also recognized by Whittenberger and Nutting (^+0) who studied the

sloughing of the tissues of the Irish potato during cooking. They

stated that cells separated because of failure of the intercellular

cement which was made of pectic substances. This failure was brought

about either by chemical changes in the pectic substances, by mechanical

fracture due to pressure developed in the cells and tissues, or by a

combination of the two means. In the potato tissue, pressure within

the cells and tissues was due to expansion of the starch as it gelatin

ized.

Bettelheim and Sterling (7) found that the major effect of cooking

on the pectic materials was solubilizing. A constant effect found in

all three fractions was a lower methoxyl content in the cooked Irish

potato. They stated that this was due to enzymatic activity in the

first few minutes of heating, to direct heat-induced deesterification,

or to removal of fractions of higher ester content by the cooking water.
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They disagreed with other workers in that they found no direct relation

ship between the characteristics of the pectic materials and potato

texture. They assumed that this lack of relationship was due to the

inadequacy of the methods of pectin analysis used by earlier workers

which did not disclose differences in the chemical nature of the various

pectic substances in the middle lamella, and that the relationship could

be masked by other factors such as starch.

Studying factors which affected the cooking qualities of Irish

potatoes, Sweetman (36) found that cooking resulted in an increase in

the solubility of the pectic constituents. He agreed with Bettelheim

and Sterling (7) in that he could find no direct relationship between

these changes and the mealiness of the cooked product.

III. CHANGES IN ALCOHOL INSOLUBLE SOLIDS IN SWEET POTATO

DURING PROCESSING AND THEIR RELATION TO

FIRMNESS OF THE PROCESSED PRODUCT

Baumgardner and Scott (5) studied the effects of storage at

various temperatures on the pectin and starch components of the sweet

potato and related the effects of these changes to the firmness of the

processed product. They found that processing caused pronounced

changes in the AIS constituents, the most apparent of which was a reduc

tion in the per cent AIS reflecting the hydrolysis of starch into

sugars. Chemical analyses showed that differences in pectic substances

were closely associated with the degree of firmness and that, compared

r

• , s jt
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to these differences, starch differences were slight and not consistently

related to firmness.

Culpepper and Magoon (12) studied the chemical composition of the

sweet potato canned immediately after harvest, after storage, and after

curing. They related the chemical changes effected by cooking to the

difference in plasticity and firmness of different sweet potato varieties.

The authors stated that starch was the chief constituent giving firmness

to the canned product. They found that during cooking there was always

a pronounced increase in the reducing sugars of which maltose was the

principal component. This increase in maltose was accompanied by a

corresponding decrease in starch. Since maltose resulted from the con

version of starch, this change greatly affected the softness of the

canned product. In addition, they also stated that the hydrolyzable

polysaccharides of the sweet potato consisted almost entirely of starch

and that during cooking large quantities were converted into soluble

products, chiefly maltose; but in some varieties considerable quantities

were changed to dextrin-like forms. They found that where there was

high dextrin content the material was soft in texture.

Jenkins and Gieger (23) reported that the AIS content of the

sweet potato was greatest in the raw roots, but that about one-third of

this fraction was converted to sugars during the first 30 minutes of

baking at 200°F. The conversion of the hydrolyzable part of the AIS into

sugars would account for the increase in reducing sugars reported by

Culpepper and Magoon (12). This increase, in turn, would indicate a
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decrease in the AIS during cooking. Thus, a decrease in the AIS during

cooking could be related to firmness loss of the cooked sweet potato.

Kattan and Littrell (24) studied pre- and post-harvest factors

affecting the firmness of the canned sweet potato. In various experi

ments they found that the percentage of AIS in the canned product was

positively related to firmness. They found that early September harvest

consistently produced a firmer product than the October harvest, and they

associated the delay in harvest with a decrease in the AIS. Irrigation

was found to increase the AIS percentage and was related to a firmer

canned product. Of all the factors studied, post-harvest handling had

the greatest effect on firmness of the canned product. They showed that

increased duration of storage at room temperature and curing caused a

progressive decrease in the firmness of the canned product. This decrease

in firmness was associated with a rapid decrease in AIS and starch. In

contrast, when the raw product was stored at 35°F. the firmness of the

canned product continued to increase. This increase in firmness was

associated with increases in the AIS and starch content of the canned

product.

IV. DIAMETER OF THE SWEET POTATO AND ITS RELATIONSHIP

TO THE FIRMNESS OF THE CANNED PRODUCT

Nq references could be found in the literature concerning the

relationship between sweet potato diameter and the firmness of the

canned product. This portion of the study was not included in the
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original experimental design. However, since data on the diameter of

the raw and canned stocks were gathered, an attempt was made to explore

the possibility of such relationship.

....



CHAPTER m

MATERIALS AND METHODS

I. TREATMENTS

The two sweet potato varieties (Centennial and Goldrush) used in

this study were grown on The University of Tennessee Agricultural Experi

ment Station Farm near Knoxville, Tennessee. They were harvested mechan

ically at comparable stages of maturity on October 29, 1964.

Beginning the day of harvest, both varieties were stored at 80°F.

and 80 per cent relative humidity for ten days. They were then canned

in the facilities of the Food Technology Department of The University of

Tennessee.

Both varieties were prepared for canning by preheating at 130°F.

for 30 minutes. This was followed by peeling by immersing in a 12 per

cent concentration of boiling lye. The Centennial variety was immersed

for 2 minutes and the Goldrush variety was immersed for 2-1/2 minutes.

After peeling, the roots were washed, trimmed, dipped in a 1 per cent

solution of citric acid, rinsed in fresh water, and placed in No. 303

cans. Each can was filled with 2if0 grams of sweet potatoes, plus cold

cover syrup to a headspace of 1/2 inch. This was followed by thermal

processing. The four processing treatments used are described in

Table I. These treatments were triplicated within 24 hours.

15
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TABLE I

HEAT PENETRATION DATA, DEGREE BRIX OF SYRUP, AND
THERMAL PROCESSING TREATMENT NUMBERS FOR

CANNED SWEET POTATOES

Heat Degree Brix of Syrup and Heat Penetration Data

Penetration

Factor

Treatment

No. 1

Treatment

No. 2

Treatment

No. 3

Treatment

No. ̂

25 brix ^•O brix 25 brix 4-0 brix

RT 2'+0OF. 21+OOF. 250OF. 250OF.

j 1.03 0,70 1.03 0,70

12.13 28.70 12.13 28.70

^2 19.60 55.20 19.60 55.20

x^h 16.90 31.70 16.90 31.70

F
o

3.0 3.5 3.0 3.5

IT 160OF. 160OF. 160OF. 160OF.

®B 24,2 min. 37.0 min. 15.0 min. 24.0 min.
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The heat penetration data for the four treatments were calculated

using procedures outlined in "Calculation of Processes for Canned Foods"

(9), from recommendations in "Processes for Low-Acid Canned Foods in

Metal Containers" (31), as well as from recommendations by Gerald R. Bee

of the National Canners Association Research Laboratories (6).

After processing the cans were cooled to 100°F. in running water

and stored at room temperature for 30 days before starting chemical

analyses of their contents. Approximately 30 days elapsed between can

ning and the opening of the first replication of all four treatments

(two varieties). Likewise, approximately 30 days elapsed between analy

ses of each successive replication (Table II).

The object of using two different processing temperatures, com

bined with syrup of two different sugar concentrations and four different

processing times (Table I) in this study, was to achieve equal of com

parable sterilization values and different degrees of cooking during

thermal processing. In this manner it was attempted to study the possi

bility of controlling the firmness of the canned sweet potatoes by means

of thermal processing. A higher cooking effect would normally be asso

ciated with a higher degree of tissue breakdown and loss of firmness in

fruits and vegetables.



18

TABLE II

VARIETY, REPLICATIONS, TREATMENT NUMBERS, AND APPROXIMATE
STORAGE TIME AT ROOM TEMPERATURE FOR CHEMICAL

ANALYSES OF CANNED SWEET POTATOES

Approximate Storage Time at Room Temperature*
Treatment Treatment Treatment Treatment

Variety Replication No. 1 No. 2 No. 3 No. 4

1 30** 30 30 30

Centennial
and ? 60 60 60 60

Goldrush

3 90 90 90 90

^Treatment numbers and description are shown in Table I, page 16,

**Nuinber of days.

"s ^
- • i ♦
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II. METHODS OF ANALYSIS

Diameter of Raw Sweet Potatoes

Three lye-peeled roots were picked at random for each replication

of each treatment (four treatments, three replications, two varieties).

The diameter of each root was obtained by measuring the circumference

around the thickest section and substituting in the equation "Diameter

equals circumference divided by 3.1U16." Measurements were taken to the

nearest 0.1 centimeters and the diameter was expressed in centimeters.

Diameter of Canned Sweet Potatoes

Three No. 303 cans were opened for each replication of each

treatment, and their contents were pooled. Three roots were picked at

random from the pooled contents, and their diameter was measured by

the procedure used for measuring the diameter of the raw roots.

Firmness of Raw and Canned Sweet Potatoes

Firmness of the raw and canned roots was measured objectively on

roots of known diameter. The instrument used was the ASCO Firmness Meter,

Model 30 (Agricultural Specialty Company, Hyattsville, Maryland) as sug

gested by Kattan and Littrell (24). For the raw roots, a pre-stress

load of 500 grams and a linear test load of 1,000 grams were applied for

5 seconds. The linear test load was placed on the third position of the

wheel. For the canned roots, a pre-stress load of 200 grams and a

linear test load of 100 grams were applied for 5 seconds. The linear

test load was placed in the first position of the wheel.
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The pre-stress and linear load combinations used in the raw and

in the canned roots were decided after preliminary examinations of raw

and canned commercial stock showed these combinations to give the greatest

firmness differences with differeat diameter sizes.

This method of objective firmness evaluation showed that the

lower the numerical firmness value, the firmer the roots.

Firmness of Canned Sweet Potatoes (Sensory Evaluation)

After six months storage at room temperature, samples representing

each treatment (four treatments, three replications, two varieties) were

evaluated by a test panel for firmness with respect to a standard.

The standard was selected from several brands of canned commercial

stock labelled as "yams" that appeared to be of a moist variety and simi

lar in size and shape to the test samples.

The evaluation of firmness was conducted following the method

of Fry (17) as modified by Graham (18). The scoring system was as

follows:

Plus 3 - much better than contrpl

Plus 2 - better than control

Plus 1 - slightly better than control

Zero - same as control

Minus 1 - slightly worse than control

Minus 2 - worse than control

Minus 3 - much worse than control.
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The panel consisted of seven members. Each panelist was instructed

to indicate his preference with respect to the control sample for the

attribute of firmness.

The procedure for determining the firmness was by using a common

table fork and pressing downward with the side of the pronged end. The

length of the fork was at an undetermined angle with respect to the

longtitudinal axis of the sample and control roots. All treatments

within one replication were judged at one sitting, one variety at a time.

Alcohol Insoluble Solids in Raw Sweet Potatoes

Two kilograms of raw roots of various diameters were peeled with

a knife, ground to a fine consistency, and mixed into a homogeneous

mixture.

The digestion of the roots for the AIS determination was conducted

following the method outlined in the Laboratory Manual of the National

Canners Association (37). However, the filtering and washing of the

insoluble material was conducted following the method of Shewfelt (33)

whose procedure was as follows:

When the digestion of the sample was completed, the contents were

cooled to room temperature in running water and filtered through a Buch-

ner funnel using No. 2 filter paper with light suction. The insoluble

material was washed four times with 100-ml. portions of 95 per cent

ethyl alcohol, followed by washing twice with 100-ml. portions of ace

tone. During each of the washings with 95 per cent ethyl alcohol and
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with acetone, the insoluble material was mixed thoroughly with the wash

liquids. The moist insoluble material was transferred to a weighing dish

and dried overnight at 122°F,

The dry material was weighed to 0.001 grams, and the percentage

AIS was ceilculated on fresh weight basis. The determination was con

ducted in triplicate for each of the two varieties.

The dry AIS material was stored in a tightly closed glass jar for

future determination of the various pectin fractions.

Alcohol Insoluble Solids in Canned Sweet Potatoes

Three No. 303 cans were selected at random. The combined contents

of the three cans were drained for 2 minutes on a No. 2 mesh screen.

The product was macerated to a smooth consistency and mixed thoroughly

into a homogeneous mass. The method of determining the percentage AIS

was the same as the one outlined for the AIS determination in the raw

roots. The results were expressed as percentage AIS on drained weight

basis. The determination was conducted in triplicate for each replica

tion of each treatment (four treatments, three replications, two vari

eties ).

The dry AIS material was stored in a tightly closed glass jar for

future determination of the various pectin fractions.

The syrup of the three cans was combined and stored for 2 to 4

hours at 40°?., after which it was used for the determination of gammas

of anhydrogalacturonic acid (AGA) per ml. of syrup.
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Gammas of Anhydrogalacturonic Acid per Ml. of Syrup

A 1-ml. aliquot was taken from the composite sample of syrup from

the three cans opened for AIS determination. The aliquot was diluted to

100 ml. with distilled water, mixed thoroughly, and filtered through No.

1 filter paper. The gammas of AGA per ml. of syrup were determined

colorimetrically in this final dilution. The procedure was as follows;

A 2-ml. aliquot of the diluted sample was pipetted into a 50-ml.

Erlenmeyer flask. One ml. of 0.1 per cent carbazole was added, followed

by the addition of 12.0 ml. of concentrated sulfuric acid. The acid

was added slowly to the walls of the flask from a burette with gentle

swirling to prevent premature color development.

The flask was stoppered and the color was developed for exactly

15 minutes at room temperature. The optical density of the solution was

then observed using a colorimeter (Bausch 6 Lomb Spectronic-20) at a

wavelength of SHO millimicrons (mu.). A blank sample was prepared using

water instead of syrup.

This colorimetric determination was based on Dische's (15, 16)

carbazole-hexuronic acid-sulfuric acid reaction. The AGA was reacted

with sulfuric acid and the intermediate compound of sulfuric acid-

galacturonide mixture was developed with carbazole.

The determination was conducted in triplicate from the composite

syrup samples of each replication.
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Mg. of Anhydrogalacturonic Acid per Ml. of Alcoholic Insoluble Solids

Filtrate

The mixture of AIS and alcohol was allowed to settle until cool.

A 1-ml. sample was taken from the filtrate of each of the three AIS

determinations for each replication of each treatment (four treatments,

three replications, two varieties). This sample was diluted to 250 ml.

with distilled water and mixed. A 2-ml. aliquot sample was pipetted

into a 50-ml. Erlenmeyer flask and the Mg. of AGA per ml. of alcoholic

filtrate was determined following the same procedure outlined for the

gammas of AGA per ml. of syrup.

Total Pectin

The dry AIS material of the three determinations for each repli

cation (four treatments, three replications, two varieties) were combined

and ground in a small Wiley mill using a 60-mesh screen as suggested by

Shewfelt (33). The ground material was mixed thoroughly to obtain a

uniform mixture. The total pectin extraction on the dry AIS was con

ducted following the method of McCready and McComb (27, 29) as modified

by Shewfelt (33). The extraction procedure was as follows:

A 0.1-g. sample of the ground AIS was weighed into a 100-ml.

beaker. Weights were recorded to 0.001 g. The sample was wetted with

two or three drops of ethanol. Forty ml. of 0.5 per cent Versene (Nutri

tional Biochemicals' brand of Ethylene-diamine-tetraacetic acid) was

added to sequester the divalent pectin cations (29). The pH was adjusted

to 11.5 with IN NaOH in order to deesterify the extracted pectin and
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pectinates (29). The solution was allowed to stand for 30 minutes with

occasional stirring. The pH was then adjusted to 5.0-5.5 with IN acetic

acid to extract the acid soluble fraction, and the solution was allowed

to stand for 1 hour with occasional stirring. The solution was trans

ferred to a 100-ml. volumetric flask and 5 ml. of IN NaOH was added to

saponify the extracted pectin to sodium galacturonate (IM-). This

solution was diluted to 100 ml. with distilled water and was allowed to

stand for 30 minutes, after which it was filtered through No. 1 filter

paper. Five ml. of the filtrate was diluted to 50 ml. with distilled

water. The percentage total pectin was determined colorimetrically in

this final dilution. The procedure was as follows:

A 2-ml. aliquot of the final dilution was pipetted into a 50-ml.

Erlenmeyer flask. One ml. of 0.1 per cent carbazole was added. This

was followed by the addition of 12.0 ml. of concentrated sulfuric acid.

The acid was added slowly to the walls of the flask from a burette with

gentle swirling to prevent premature color development.

The flask was stoppered and the color was developed for exactly

15 minutes. The optical density of the solution was observed using a

colorimeter (Bausch 6 Lomb Spectronic-20) at a wavelength of 5M-0 mu. A

blank sample was prepared by using distilled water instead of the pectin

solution. The results were expressed as percentage AGA on dry AIS basis.

The colorimetric determination was based on Dische's (15, 16)

method of the carbazole-hexuronic acid-sulfuric acid reaction, as modi

fied by Dietz (14) and Shewfelt (33).
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The determination was conducted in triplicate in each of the

combined AIS samples of the three determinations for each replication.

In this method of total extraction and determination, the concen

tration of AGA in gammas per ml. was the same as the percentage AGA in

terms of dry AIS if the specified sample weight and dilutions were used

(33).

Water Plus Versene Soluble Pectin

A similar portion of the dry ground AIS used for the extraction

of the total pectin was used for the extraction and determination of the

water plus versene soluble pectin fraction.

The extraction of this fraction was conducted according to the

method of Shewfelt (33). The procedure was as follows:

A 0.1-g. sample of the dry ground AIS material was weighed to

0.001 g. into a 100-ml. beaker. The sample was wetted with two or three

drops of ethanol. Forty ml. of 0.5 per cent Versene were added to

sequester the divalent pectin cations (29) and the pH was adjusted to

6.0 with IN acetic acid. The solution was allowed to stand for 1 hour

with frequent stirring after which it was transferred to a 100-ml.

volumetric flask and the volume was diluted with distilled water. The

solution was shaken vigorously and filtered through No. 1 filter paper.

Five ml. of filtrate were pipetted into a 50-ml. volumetric flask and

40 ml. of water were added. This was followed by the addition of 2.5 ml.

IN NaOH in order to saponify the extracted pectin to sodium galacturonate

(14). The volume was diluted to 50 ml. with distilled water, and the

solution was allowed to stand for 30 minutes.
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The percentage water plus versene soluble pectin was determined

colorimetrically in the final dilution. The procedure was the same as

that outlined for the total pectin determination. The results were

expressed as percentage AGA on dry AIS weight basis.

The determination was performed in triplicate in each of the

combined AIS samples of the three determinations for each replication.

Water Soluble Pectin

A similar portion of the dry ground AIS used for the extraction

of the total pectin was used for the extraction and determination of the

water soluble pectin fraction.

The extraction of this fraction was conducted following the

method of Shewfelt (33). The procedure was as follows:

A 0.1-g. sample of the dry ground AIS was weighed to 0.001 g.

into a 100-ml. beaker. Each sample was wetted with two or three drops

of ethanol. Forty ml. of distilled water were added, and the solution

was allowed to stand for 1 hour with frequent stirrings in order to

solubilize the water soluble pectin fraction. The solution was trans

ferred to a 100-ml. volumetric flask and diluted to volume with dis

tilled water. This was followed by shaking and filtering through No. 1

filter paper. Five ml. of the filtrate were transferred to a 50-ml.

volumetric flask. Twenty-five ml. of IN NaOH were added to saponify the

extracted pectin to sodium galacturonate (14), and the solution was

allowed to stand for 30 minutes. The solution was diluted to 50 ml.
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The percentage water soluble pectin was determined colorimetrically

in the final dilution. The procedure was the same as that outlined for

the total pectin determination. The results were also expressed as per

centage AGA on dry AIS weight basis.

The determination was conducted in triplicate in each of the

combined AIS of the three determinations for each replication.

Statistical Analysis

The following effects were tested by means of the analysis of

variance:

1. Effect of random sampling on the firmness variability of raw

sweet potatoes used for each treatment and for each repli

cation.

2. Effect of treatment on the firmness by sensory evaluation

of canned Centennial sweet potatoes.

3. Effect of treatment on the firmness by sensory evaluation

of canned Goldrush sweet potatoes.

4. Effect of treatment and storage on the firmness by objective

evaluation of canned sweet potatoes.

5. Effect of treatment and storage on the percentage AIS of

canned sweet potatoes.

6. Effect of treatment and storage on the percentage total

pectin of canned sweet potatoes.

7. Effect of treatment and storage on the percentage versene

soluble pectin of canned sweet potatoes.
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8. Effect of treatment and storage on the percentage water

soluble pectin of canned sweet potatoes.

9. Effect of treatment and storage on the gammas of AGA per

ml. of syrup of canned sweet potatoes.

10. Effect of treatment and storage on the Mg. of AGA per ml.

of alcoholic filtrate from the AIS determination of canned

sweet potatoes.

The BMD02V subroutine (21) on the IBM Model 7040 digital computer

(The University of Tennessee Computing Center) was used to perform the

analysis of variance calculations.

Calculations for Duncan's new multiple range test were performed

for the following effects:

1. Differences in variability in firmness by objective evaluation

within treatment means of raw sweet potatoes as affected by

random selection.

2. Differences in variability in firmness by objective evaluation

within replication means of raw sweet potatoes as affected

by random selection.

3. Effect of treatment on the firmness by sensory evaluation

of canned Centennial sweet potatoes.

4. Effect of treatment on the firmness by sensory evaluation

of canned Goldrush sweet potatoes.

5. Effect of firmness ratings by individual panel member on

the firmness by sensory evaluation of canned Centennial sweet

potatoes.

,,1^ f.- -' ,
^3?- 1 fV '
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6. Effect of firmness ratings by individual panel member on the

firmness by sensory evaluation of canned Goldrush sweet

potatoes.

7. Effect of treatment on the firmness by objective evaluation

of canned sweet potatoes.

8. Effect of storage on the firmness by objective evaluation

of canned sweet potatoes.

9. Effect of treatment on the percentage AIS of canned sweet

potatoes.

10. Effect of storage on the percentage AIS of canned sweet

potatoes.

11. Effect of treatment on the total pectin of canned sweet

potatoes.

12. Effect of storage on the percentage total pectin of canned

sweet potatoes.

13. Effect of treatment on the percentage versene solvible pectin

of canned sweet potatoes.

I'l. Effect of storage on the percentage versene soluble pectin

of canned sweet potatoes.

15. Effect of treatment on the percentage water soluble pectin

of canned sweet potatoes.

16. Effect of storage on the percentage water soluble pectin

of canned sweet potatoes.

17. Effect of treatment on the gammas of AGA per ml. of syrup

of canned sweet potatoes.
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18, Effect of storage on the ganiinas of AGA per ml, of syrup of

canned sweet potatoes,

19, Effect of treatment on the mg, of AGA per ml. of alcoholic

filtrate of the AIS determination of canned sweet potatoes,

20, Effect of storage on the mg, of AGA per ml, of alcoholic fil

trate from the AIS determination of canned sweet potatoes.

The following regression analyses were performed:

1, The percentage AIS of canned sweet potatoes was correlated to

the firmness by objective evaluation of raw sweet potatoes,

2, The percentage total pectin of canned sweet potatoes was

correlated to the firmness by objective evaluation of canned

sweet potatoes,

3, The percentage total pectin of canned sweet potatoes was

correlated to the firmness by objective evaluation of raw

sweet potatoes,

H, The percentage versene soluble pectin of canned sweet

potatoes was correlated to the firmness by objective evalu

ation of canned sweet potatoes,

5, The percentage versene soluble pectin of canned sweet potatoes

was correlated to the firmness by objective evaluation of raw

sweet potatoes,

6, The percentage water soluble pectin of canned sweet potatoes

was correlated to the firmness by objective evaluation of

canned sweet potatoes.
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7. The percentage water soluble pectin of canned sweet potatoes

was correlated to the firmness by objective evaluation of raw

sweet potatoes.

8. The gammas of AGA per ml. of syrup of canned sweet potatoes

was correlated to the firmness by objective evaluation of

canned sweet potatoes.

9. The mg. of AGA per ml. of alcoholic filtrate from the AIS

determination of canned sweet potatoes was correlated to the

firmness by objective evaluation of raw sweet potatoes.

10. The mg. of AGA per ml. of alcoholic filtrate from the AIS

determination of canned sweet potatoes was correlated to the

firmness by objective evaluation of canned sweet potatoes.

The BMD02R subroutine (20) on the IBM Model 7040 computer was

used for the stepwise multiple regression analysis.

In the analysis of variance and regression analyses, the statis

tical significance was calculated at the .05 level of probability

according to Snedecor (35). In the analysis of variance, the statistical

significance at the .01 level of probability is shown where calculations

showed this level of significance.

The statistical significance within mean differences in Duncan's

new multiple range test was calculated at the .05 level of probability

according to the tables in Biometriks (19).



CHAPTER IV

RESULTS AND DISCUSSIONS

I. EFFECT OF DIAMETER AND TREATMENT

Firmness by Objective Evaluation

Raw sweet potatoes. Table III shows the mean diameter values of

the raw sweet potatoes used for each treatment. The mean diameter values

of the raw sweet potatoes used for each replication are shown in Table

IV. Results of the analysis of variance to determine the effect of ran

dom selection on the firmness variability of the raw sweet potatoes used

for each treatment and for each replication, as determined by objective

evaluation (ASCO Firmness Meter), are shown in Table V. Results of

Duncan's new multiple range test for the effect of random selection on

the variability in firmness by objective evaluation of the raw sweet

potatoes used for each treatment are shown in Table VI. Results of

Duncan's new multiple range test for the effect of random selection on

the variability in firmness by objective evaluation of the raw sweet

potatoes used for each replication are shown in Table VII.

Random selection effect on the firmness of the raw sweet potatoes

used for each treatment and for each replication was not significant at

the .05 level of probability (Table V).

Table III shows little or no variability in the diameter of the

raw sweet potatoes used for each treatment. The greatest difference,
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TABLE III

MEAN DIAMETER VALUES OF RAW AND CANNED SWEET
POTATOES USED FOR EACH TREATMENT

Treatment Mean Diameters (centimeters)
Number* Raw Sweet Potatoes Canned Sweet Potatoes

1 3.55 3.57

2 3.62 3.33

3 3.57 3.46

4 3.56 3.85

*See Table I, page 16.
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TABLE IV

MEAN DIAMETER VALUES OF RAW AND CANNED SWEET
POTATOES USED FOR EACH REPLICATION

Replication
Number

Mean Diameters (centimeters)
Raw Sweet Potatoes Canned Sweet Potatoes

1 3.49 3.80

2 3.69 3.46

3 3.69 3.41
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TABLE V

SUMMARY OF THE ANALYSIS OF VARIANCE FOR THE EFFECT OF
RANDOM SELECTION ON THE FIRMNESS VARIABILITY BY

OBJECTIVE EVALUATION OF RAW SWEET

POTATOES USED FOR CANNING

Source d. f. Means Square

Replication 2 2.43

Treatment 3 243.05

Variety 1 62.34

Replication x Treatment 6 141.30

Error 97.55
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TABLE VI

SUMMARY OF DUNCAN'S NEW MULTIPLE RANGE TEST FOR THE DIFFERENCE
IN OBJECTIVE FIRMNESS VARIABILITY WITHIN TREATMENT

MEANS OF RAW SWEET POTATOES USED FOR CANNING
AS AFFECTED BY RANDOM SELECTION

Treatment Number* Means**

X 48.556a

2 54.833b

3 ' 54.722b

4 48.278a

*See Table I, page 16.

**Means followed by the same letter are not significantly different
at the .05 level of probability,



TABLE VII

SUMMARY OF DUNCAN'S NEW MULTIPLE RANGE TEST FOR THE DIFFERENCE
IN OBJECTIVE FIRMNESS VARIABILITY WITHIN REPLICATIONS

OF RAW SWEET POTATOES USED FOR CANNING AS

AFFECTED BY RANDOM SELECTION

Replication Number Means*

1 51.250a

2 51.667a

3 51.875a

''"Means followed by the same letter are not significantly different
at the .05 level of probability.
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which was 0.07 centimeters, occurred between treatments No. 1 and No. 2.

This uniformity of size in the raw sweet potatoes possibly contributed to

the lack of significant firmness differences between treatment and

between replication means of the raw roots used for canning.

A correlation coefficient of the effect of diameter on the firm

ness of the sweet potatoes was not calculated due to the uniformity in

the diameter of the raw roots. Therefore, this study showed primarily

the firmness and diameter uniformity of the raw sweet potatoes randomly

selected for this study.

Canned sweet potatoes. Table III shows the mean diameter values

of the canned sweet potatoes used for each treatment and the mean diameter

values of the canned sweet potatoes used for each replication are shown

in Table XV. These tables indicate that the diameter variability was not

significant. Results of the analysis of variance to determine the effect

of treatment and storage on the firmness by objective evaluation of the

canned sweet potatoes are shown in Table VIII, Results of Duncan's new

multiple range test for the effect of treatment on the firmness by

objective evaluation of the canned sweet potatoes are shown in Table IX.

Results of Duncan's new multiple range test for the effect of storage on

the firmness by objective evaluation of the canned sweet potatoes are

shown in Table X.

The effect of treatment on the firmness of the canned sweet pota

toes was significant at the .01 level of probability, and the effect of

storage on the firmness of the canned sweet potatoes was significant at

the .05 level of probability (Table VIII).
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TABLE VIII

SUMMARY OF THE ANALYSIS OF VARIANCE FOR THE EFFECT OF TREATMENT

AND STORAGE TIME ON THE FIRMNESS BY OBJECTIVE

EVALUATION OF CANNED SWEET POTATOES

Source d. f. Means Square

Storage 2 430.05*

Treatment 3 804.85'^*

Variety 1 0.01

Storage x Treatment 6 410.13**

Error 48 128.68

^Statistical significance at the .05 level of probability.

^'''Statistical significance at the .01 level of probability.
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TABLE IX

SUMMARY OF DUNCAN'S NEW MULTIPLE RANGE TEST FOR THE EFFECT

OF TREATMENT ON THE FIRMNESS BY OBJECTIVE

EVALUATION OF CANNED SWEET POTATOES

Treatment Number* Means**

1 48.944a

2 58.500b

3 47.667a

4 60.944b

*See Table I, page 16.

**Means followed by the same letter are not significantly different
at the .05 level of probability.
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TABLE X

SUMMARY OF DUNCAN'S NEW MULTIPLE RANGE TEST FOR THE EFFECT

OF STORAGE TIME ON THE FIRMNESS BY OBJECTIVE

EVALUATION OF CANNED SWEET POTATOES

Storage Time* Means**

30 days 49.542a

60 days 54.542b

90 days 57.958c

*See Table II, page 18.

'^''''Means followed by the same letter are not significantly different
at the .05 level of probability.
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A correlation coefficient of the effect of diameter on the firmness

of the canned sweet potatoes, as determined by objective evaluation, was

not calculated due to the uniformity in the diameter of the raw sweet

potatoes used in this study. Therefore, this study became an indication

of treatment effect on the firmness of the canned sweet potatoes.

Therman processing effected a marked decrease on the firmness of

the sweet potatoes. This is a confirmation of a generally recognized

effect of thermal processing in fruits and vegetables.

Table IX shows that the firmest sweet potatoes were those sub

jected to treatments No. 3 (25 degree brix sjrrup and 250®F. for 15.0

min.) and No. 1 (25 degree brix syrup and 2*)'0®F. for 24.2 min.), whose

firmness means were not significantly different. The sweet potatoes

subjected to treatments No. 2 (40 degree brix syrup and 240°F. for

37.0 min.) and No. 4 (40 degree brix syrup and 250°F. for 24.0 min.),

whose firmness means were not significantly different, were significantly

softer than those subjected to treatments No, 1 and No. 3.

The significantly higher firmness differences between the sweet

potatoes cooked in 25 degree brix syrup (treatments No. 1 and No. 3) and

those cooked in 40 degree brix syrup (treatments No. 2 and No. 4) were

attributed to the lower degree of cooking of treatments No. 1 and No. 3.

The heat penetration data in Table I, page 16, shows that treatments No.

1 and No. 3 (25 degree brix syrup) had an f^ value of 12.3 min. and an

fg value of 55.2 rain. The lower f^^ and £2 values of treatments No. 1

and No. 3 indicated that their heat penetration was higher than that of

. f. ' f ,

i i
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treatments No. 2 and No. 4. A higher heat penetration ratio would be

associated with a lower degree of cooking. Since the sterilizing value

(F^) was equal for all treatments, the cooking effect of treatments No.

1 and No. 3 (25 degree brix syrup) would be lower than that of treatments

No. 2 and No. 4 (40 degree brix syrup).

It is possible that the higher cooking effects of treatments No.

2 and No. 4 (40 degree brix syrup) effected a higher degree of degradation

on the tissue constituents responsible for the firmness characteristics

of the sweet potatoes. This could have resulted in a greater firmness

loss.

This study suggested that the firmness of canned sweet potatoes

could be controlled by treatments designed to effect low degrees of

cooking, provided the sterilization values attained insured a safe

process.

The significant effect of storage (Table X, page 42) could be

attributed to the tendency of the contents of the can to reach an equi

librium with increased storage time. Increased storage of the canned

sweet potatoes resulted in an increased diffusion of syrup into the

tissue of the roots, until an equilibrium was reached by the can con

tents. The increased storage time possibly allowed a corresponding

increase in the moisture content of the canned sweet potatoes. This

progressive moisture increase could have caused a corresponding firmness

loss with increased storage time since the ASCO Firmness Meter could

have had a greater squeezing effect on the roots as the moisture



increased. The sweet potatoes stored for 30 days, which would have had

the least amount of syrup diffused into the tissue, would also have been

expected to be the firmest. The data in Table X, page 42, appears to

substantiate this effect of storage.

Another possibility for the significant firmness differences due

to storage time (Table X) could be derived from observations of the

differences between firmness means within replications of the raw sweet

potatoes (Table VII, page 38). A comparison of the data in Tables VII

and X shows an identical pattern in the firmness ratings of the replica

tions of the raw sweet potatoes and the corresponding storage time of

each replication. (Table II, page 18, shows the corresponding storage

time of each replication.) Even though the firmness means within repli

cations in the raw sweet potatoes were not significantly different at

the .05 level of probability, they could have been significant in rela

tion to the firmness of the canned sweet potatoes. These results would

suggest that a firmer raw sweet potato would result in a firmer canned

product.

Firmness by Sensory Evaluation

Canned Centennial sweet potatoes. Results of the analysis of

variance to determine the effect of treatment and panel rating on firm

ness by sensory evaluation of canned Centennial sweet potatoes are

shown in Table XI. Results of Duncan's new multiple range test for the

effect of treatment on the firmness as determined by sensory evaluation

are shown in Table XII. Results of Duncan's new multiple range test
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TABLE XI

SUMMARY OF THE ANALYSIS OF VARIANCE FOR THE EFFECT OF TREATMENT
AND PANEL RATING ON THE FIRMNESS BY SENSORY EVALUATION

OF CANNED CENTENNIAL AND GOLDRUSH SWEET POTATOES

Means Square
Source d. f. Centennial Goldrush

Treatment 3 13.38«' 6.04*

Panel 6 2.02 7.90*

Panel x Treatment 18 2.06 2.61

Error 56 1.19 1,51

^Statistical significance at the .01 level of probability.
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TABLE XII

SUMMARY OF DUNCAN'S NEW MULTIPLE RANGE TEST FOR THE EFFECT
OF TREATMENT ON THE FIRMNESS BY SENSORY EVALUATION

OF CANNED CENTENNIAL AND GOLDRUSH
SWEET POTATOES

Treatment Number* Centennial

Means**
Goldrush

1

2

3

i|.238a

3.667b

2.71i+b

4.5243

3.143a

3.667b

3.3Slab

4.381C

*See Table I, page 16,

**Within columns means followed by the same letter are not signi
ficantly different at the .05 level of probability.
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for the effect of firmness ratings by individual panel member are shown

in Table XIII.

Treatment effect on the firmness of the canned Centennial sweet

potatoes, as determined by sensory evaluation, was significant at the

.01 level of probability. Firmness ratings as affected by individual

panel member were not significant at the .05 level of probability (Table

XIII).

The significant effect of treatment on the firmness of the canned

Centennial sweet potatoes, as determined by sensory evaluation, could be

attributed to a combination of the following factors;

1. Effect of thermal processing on the tissue of the sweet

potatoes, Sir^ce each of the four treatments was designed to

effect different degrees of cooking, each one could have

effected different degrees of degradation on the tissue con

stituents responsible for firmness.

2. Since the canned sweet potatoes were stored for approximately

six months prior to the panel evaluation, the different

degrees of cooking on the tissue could have influenced the

roots to react differently with the cooking medium storage.

Table XII shows that treatments No. 1 (25 degree brix syrup

and 2i+0®F. for 24.2 min.) and No. 4 (40 degree brix syrup and

250°F. for 24.0 min.) were rated the firmest by the panel.

These were followed by treatments No. 2 (40 degree brix syrup

and 240°F. for 37,0 min.) and No, 3 (25 degree brix syrup and



49

TABLE XIII

SUMMARY OF DUNCAN'S NEW MULTIPLE RANGE TEST FOR THE EFFECT OF
FIRMNESS RATINGS BY INDIVIDUAL PANEL MEMBER ON THE

FIRMNESS BY SENSORY EVALUATION OF CANNED

CENTENNIAL AND GOLDRUSH SWEET POTATOES

Panel Means*

Member Number Centennial Goldrush

1 4.333d 4.417a

2 3.583a 4.083a

3 4.167cd 3.083b

4 3.083 2.750b

5 3.667ab 2.583b

6 3.750abc 4.083a

7 3.917bcd 4.500a

*Within columns means followed by the same letter are not signi
ficantly different at the .05 level of probability.
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250OF. for 15.0 min.), in order of decreasing firmness. This

pattern of firmness differences disagreed with the pattern of

the ratings by objective evaluation of the canned sweet

potatoes (Table IX, page m) in which the sweet potatoes

cooked in 25 degree brix S3rrup (treatments No. 1 and No. 3)

were firmner than those cooked in M-0 degree brix syrup

(treatments No. 2 and No. 4). These pattern differences

were possibly related to a combination of the different

degrees of cooking and storage time since the sweet potatoes

rated objectively were evaluated after approximately 30,

60, and 90 days of canning (Table II, page 18). These

findings would indicate the possibility that prolonged

storage became an additional and a critical source of vari

ability in firmness evaluation.

3. An additional source of variability in firmness evaluation

could have been introduced by the sweet potatoes used as

control, which could have had roots varying considerably

in firmness within the lot used.

Canned Goldrush sweet potatoes. Results of the analysis of vari

ance to determine the effect of treatment and panel rating on the firmness

by sensory evaluation of the canned Goldrush sweet potatoes are shown in

Table XI, page 46. Results of Duncan's new multiple range test for the

effect of treatment on the firmness as determined by sensory evaluation

are shown in Table XII, page 47. Results of Duncan's new multiple
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range test for the effect of firmness ratings by individual panel member

are shown in Table XIII, page 4.9.

Treatment effect was significant at the .01 level of probability

(Table XI, page 46). The effect of rating by individual panel member

was significant at the .01 level of probability (Table XIII),

The significant effect of treatment on the firmness of the canned

Goldrush sweet potatoes could be attributed to a combination of the

factors responsible for the significant firmness differences of the canned

Centennial sweet potatoes. It could also be attributed to the highly

significant variability in the firmness ratings within panel members.

Table XII, page 47, shows the firmness pattern of Goldrush sweet

potatoes to be different from that of the Centennial variety as well as

from the pattern of firmness by objective evaluation of the canned sweet

potatoes (Table IX, page 41). These pattern differences are possibly due

to varietal differences.

The firmest sweet potatoes in the Goldrush variety were those

subjected to treatment No. 4 (40 degree brix syrup and 250°?. for 24.0

min.). (See Table XII.) Possibly a combination of treatment effect on

the tissue, the high sugar concentration, and the prolonged storage

allowed some degree of polymerization to occur between the sugar and the

tissue constituents responsible for firmness in the canned sweet potatoes.

This effect was suggested by Amos (2), who found that the texture of

freeze-dried formulated strawberry slices appeared to improve as sugar

level increased.
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The significant differences in firmness ratings within panel

members were possibly due to a combination of variability in the firmness

of the canned commercial sweet potatoes used as controls and the various

degrees of tissue degradation effected by the different treatments (which

possibly caused the roots to react differently during storage).

II. EFFECT OF ALCOHOL INSOLUBLE SOLIDS

Results of the percentage AIS in the raw sweet potatoes are shown

in Table XVIII in the Appendix. Results of the analysis of variance to

determine the effect of treatment and storage on the percentage AIS of

the canned sweet potatoes are shown in Table XIV. Results of Duncan's

new multiple range test for the effect of treatment on the percentage

AIS of the canned sweet potatoes are shown in Table XV. Results of Dun

can's new multiple range test for the effect of storage on the percentage

AIS of the canned sweet potatoes are shown in Table XVI. Correlation

coefficient of the effect of AIS content on the firmness of canned sweet

potatoes is shown in Table XVII.

Treatment effect on the percentage AIS of the canned sweet pota

toes was significant at the .05 level of probability (Table XIV). The

effect of storage on the percentage AIS in the canned sweet potatoes

was significant at the .01 level of probability (Table XIV). Correlation

coefficient of the effect of percentage AIS in the canned sweet potato

on the firmness of the canned sweet potatoes was not significant at the

.05 level of probability (r - -O.OM-7).
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TABLE XV

SUMMARY OF DUNCAN'S NEW MULTIPLE RANGE TEST FOR THE EFFECT
OF TREATMENT ON THE CHEMICAL ANALYSIS OF PECTIN

FRACTIONS OF CANNED SWEET POTATOES

Test

Means*
Treatment Treatment Treatment Treatment

No. 1** No. 2 No. 3 No. 4

Alcohol Insoluble
Solids

Total Pectin

Versene Soluble
Pectin

Water Soluble

Pectin

Gammas of AGA
per Ml. of Syrup

Mg. of AGA per Ml.
of Alcoholic Filtrate
of AIS determination

8.069b 8.025b

11.045b 10.431a

9.731a

7.590a

9.476b

7.351a

122.033ab 130.173c

6.139ab 6.328b

7.768a

11.211b

9.758a

7.210a

6.039a

7.835a

10.351a

10.034c

7.356a

121.186a 126.699bc

6.284b

*Within rows means followed by the same letter are not signifi
cantly different at the .05 level of probability.

**See Table I, page 16.
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TABLE XVI

SUMMARY OF DUNCAN'S NEW MULTIPLE RANGE TEST FOR THE EFFECT OF
STORAGE TIME ON THE CHEMICAL ANALYSIS OF PECTIN

FRACTIONS OF CANNED SWEET POTATOES

Test
Storage Time''* and Means''"*^

30 days bO days 90 days

Alcohol Insoluble
Solids

Total Pectin

8.562a

11.182a

7.920a

9.910b

7.291a

11.186a

Versene Soluble

Pectin 9.053b 10.006a 10.190a

Water Soluble

Pectin 7.623b 7.197a 7.310a

Gammas of AGA per
Ml. of Syrup 111.7U^a 122.765a 150.559a

Mg. of AGA per Ml.
of Alcoholic Filtrate
from AIS determination 5.952b 6.379a 6.263a

'''"See Table II, page 18.

**Within rows means followed by the same letter are not signifi
cantly different at the .05 level of probability.

.»*• i
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TABLE XVII

CORRELATION COEFFICIENTS OF THE EFFECT OF VARIOUS PECTIN

FRACTIONS ON THE FIRMNESS OF RAW AND

CANNED SWEET POTATOES

Correlation Analysis

Correlation

Coefficients
(values of r)

Effect of AIS content in the canned sweet
potatoes on the firmness of canned sweet
potatoes -0.01+7

Effect of water soluble pectin in the canned
sweet potatoes on the firmness of the canned
sweet potatoes -o.im

Effect of water soluble pectin in the canned
sweet potatoes on the firmness of the raw
sweet potatoes -0.069

Effect of versene soluble pectin in the canned
sweet potatoes on the firmness of the canned
sweet potatoes -0.012

Effect of versene soluble pectin in the canned
sweet potatoes on the firmness of the raw
sweet potatoes 0.104

Effect of total pectin in the canned sweet
potatoes on the firmness of the canned
sweet potatoes -0.185

Effect of total pectin in the canned sweet
potatoes on the firmness of the raw
sweet potatoes 0.018

Effect of gammas of AGA per ml. of syrup on the
firmness of the canned sweet potatoes -0.046

Effect of mg. of AGA per ml. of filtrate from the
AIS determination of the canned sweet potatoes
on the firmness of the canned sweet potatoes 0.210

Effect of mg. of AGA per ml. of filtrate from the
AIS determination of the canned sweet potatoes
on the firmness of the raw sweet potatoes 0.116
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Thermal processing effected a market decrease in the percentage

AIS of the sweet potatoes. Table XV shows that the sweet potatoes sub

jected to treatments No. 3 (cooking at 250°?. for 15.0 min.) and No.

(cooking at 250°F. for 2M-,0 min.), whose means were not significantly

different, had a lower AIS percentage than those subjected to treatments

No. 1 (cooking at 240°F. for 24.2 min.) and No. 2 (cooking at 240°F. for

37.0 min.). The percentage means between treatments No. 1 and No. 2

were not significantly different. These results indicate that the higher

therman processing temperatures had a greater solubilizing effect on the

AIS, regardless of processing time, then did the lower temperatures.

The results of AIS decrease with thermal processing agreed with

Baumgardner and Scott (5), Jenkins and Gieger (23), and Culpepper and

Magoon (12).

The decrease in the percentage AIS with increased storage time of

the canned sweet potatoes was attributed to the stabilizing effect

between the sjnrup and the sweet potatoes in the can—the longer the

storage time, the greater the amount of liquid that was diffused into

the tissue of the roots in the can until an equilibriiim was reached.

Since the percentage AIS analysis was performed on the drained product,

a lower ratio of sweet potato tissue to syrup resulted in a progressive

decrease in the percentage AIS with indreasing storage time.

The lack of significant relationship between the AIS content and

the firmness of the canned sweet potatoes agreed with Baumgardner and

Scott (5) and disagreed with Kattan and Littrell (24).

' -f- ■- • r
i\ r,.if ./i-nv't-f <
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III. EFFECT OF PECTIC SUBSTANCES

Water Soluble Pectin (Expressed as Percentage AGA in the Dry AIS)

The percentage water soluble pectin in the raw sweet potatoes is

shown in Table XVIII in the Appendix. Results of the analysis of vari

ance to determine the effect of treatment and storage on the percentage

water soluble pectin of the canned sweet potatoes are shown in Table

XIV, page 53. Results of Duncan's new multiple range test for the

effect of treatment on the percentage water soluble pectin of the canned

sweet potatoes are shown in Table XV, page 54. Results of Duncan's new

multiple range test for the effect of storage on the percentage water

soluble pectin of the canned sweet potatoes are shown in Table XVI, page

55. Correlation coefficient of the effect of percentage water soluble

pectin in the canned sweet potatoes on the firmness of the canned sweet

potatoes is shown in Table XVII, page 56. Correlation coefficient of

the effect of percentage water soluble pectin in the canned sweet pota

toes on the firmness of the raw sweet potatoes is shown in Table XVII.

Treatment effect on the percentage water soluble pectin of the

canned sweet potatoes was not significant at the .05 level of probability

(Table XIV). Storage effect on the percentage water soluble pectin of

the canned sweet potatoes was significant at the .05 level of probability

(Table XIV). Correlation coefficient of the effect of percentage water

soluble pectin of the canned sweet potatoes on the firmness of the canned

sweet potatoes was not significant at the .05 level of probability

(r = -0.114). Correlation coefficient of the effect of percentage water
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soluble pectin of the canned sweet potatoes on the firmness of the raw

sweet potatoes was not significant at the .05 level of probability

(r = -0.069).

Thermal processing effected a marked increase in the percentage

water soluble pectin of the canned sweet potatoes. This increase was

from a mean of 2.719 per cent in the raw sweet potatoes to a mean of

7.376 per cent in the cooked sweet potatoes, and it represented an over

all increase of 200.63 per cent. The increase agreed with Ahmed and

Scott (1), Bettelheim and Sterling (7), McArdle and Nehemias (26),

Postlmayer ̂  al. (30), and Simpson and Halliday (34).

The increase in the water soluble pectin fraction could be

attributed to a combination of the following factors:

1. The action of pectinesterease (PE) enzyme during the first

few minutes of processing as suggested by Baumgardner and

Scott (5).

2. A greater degree of solubility effected by the high cooking

temperatures on all the pectin fractions. This effect was

reported by Sweetman (36).

3. Cell fracturing and separation occurring due to the expansion

of starch as it gelatinized. This effect was reported by

Bettelheim and Sterline (8) and by Whittenberger and Nutting

(40), and it could have made possible the water extraction of

molecules that were not extracted from the tissue of the raw

sweet potatoes.
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Heat-induced depolymerization into single AGA units of higher

molecular weight molecules corresponding to the versene solu

ble and protopectin fractions. A similar effect was reported

by Ahmed and Scott (1) and by McArdle and Nehemias (26).

The depolymerization which occurred with thermal processing in the higher

molecular weight molecules was supported by the results of the analysis

of the syrup of the canned sweet potatoes and by the analysis of the

alcoholic filtrate from the AIS determination of the canned sweet pota

toes. These results are discussed later in this report.

The significant effect of storage time on the water soluble

pectin of the canned sweet potatoes (Table XVI, page 55) was attributed

to the equilibrium reaction within the syrup and the roots in the can.

This effect possibly caused the ratio of sweet potato material to syrup

per unit mass of drained sample to decrease progressively with increased

storage time. In turn, this resulted in a progressive decrease in the

percentage AIS per unit mass of drained sweet potatoes, which reflected

as an apparent decrease in the percentage AGA of the dry AIS. Table XVI

shows that equilibrium was reached between 60 and 90 days of storage

since no significant difference at the .05 level was found between the

means of these storage time periods. Storage after 30 days, whose mean

was significantly higher than those of storages after 60 and 90 days,

also showed a higher percentage of AGA in the dry AIS. Since no moisture

content determinations of the canned sweet potato were performed, it is

also possible that sugar molecules from the syrup diffused into the

tissue. This effect could also have contributed to the decrease in the
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ratio of sweet potato material to non-sweet potato material per unit mass

of drained sample, thus contributing to the apparent decrease in the

percentage AGA of the dry AIS. Therefore, the decrease in the water

soluble pectin with increased storage was a relative rather than a

real decrease as Table XVI, page 55, suggests.

The lack of significance between the percentage water soluble

pectin of the canned sweet potato and the firmness of the canned sweet

potato was in agreement with the findings of Bettelheim and Sterling

(7) and Sweetman (36).

Versene Sol\:ible Pectin (Expressed as Percentage AGA in the Dry AIS)

The percentage versene soluble pectin in the raw sweet potatoes

is shown.in Table XVIII in the Appendix. Results of the analysis of

variance to determine the effect of treatment and storage on the per

centage versene soluble pectin of the canned sweet potatoes are shown

in Table XIV, page 53. Results of Duncan's new multiple range test for

the effect of treatment on the percentage versene soluble pectin of the

canned sweet potatoes are shown in Table XV, page 5H. Results of Dun

can's new multiple range test for the effect of storage on the percentage

versene soluble pectin in the canned sweet potatoes are shown in Table

XVI. Correlation coefficient of the effect of percentage versene soluble

pectin in the canned sweet potatoes on the firmness of the canned sweet

potatoes is shown in Table XVII, page 56. Correlation coefficient of the

effect of versene soluble pectin in the canned sweet potatoes on the

firmness of the raw sweet potatoes is shown in Table XVII.
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Treatment effect on the percentage versene soluble pectin of the

canned sweet potatoes was significant at the .05 level of probability

(Table XIV, page 53). Storage effect on the percentage versene soluble

pectin of the canned sweet potatoes was significant at the .01 level of

probability (Table XIV). Correlation coefficient of the effect of per

centage versene soluble pectin of the canned sweet potatoes on the firm

ness of the canned sweet potatoes was not significant at the .05 level

of probability (r = -0.012). Correlation coefficient of the percentage

versene soluble pectin of the canned sweet potatoes on the firmness of

the raw sweet potatoes was not significant at the .05 level of probability

(r = 0.104).

Thermal processing effected a 76.25 per cent increase in the

versene soluble pectin of the canned sweet potatoes. This increase

was attributed to the factors which caused the increase in the percentage

water soluble pectin of the canned sweet potatoes.

The data in Table XV, page 54, indicated that treatment No. 2

(40 degree brix and 240°F. for 37.0 min.) had the lowest percentage AGA

in the dry AIS. This was followed by treatments No. 1 (25 degree brix

syrup and 240°?. for 24,2 min.) and No. 3 (25 degree brix syrup and

250°F. for 15.0 min.), whose means were not significantly different, and

by treatment No. 4 (40 degree brix syrup and 250°F. for 24.0 min.), in

order of increasing percentage AGA in the dry AIS. These results sug

gested that a greater depolymerization occurred when the roots were

subjected to treatment No. 1 than when subjected to treatment No. 2.
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The longer processing times would normally be associated with a greater

degree of depolymerization of the pectic substances of fruits and vege

tables. Therefore, the percentage versene soluble pectin would have

been expected to be lower with the shorter cooking time of treatment

No. 1, as the differences between treatments No. 3 and No. U indicate.

A possible explanation for these results could be that the lower heat

penetration rate of treatment No. 2 (fj^ = 28.70 and = 55.20) could

have effected a significantly lower degree of depoljnnerization of the

pectic substances. This possible effect of the lower heat penetration

rate was also observed on the results of the total pectin which will

be discussed later in this report.

The significant effect of storage (Table XVI, page 55) was

attributed to the equilibrium reaction within the syrup and the roots

in the can, as described in the discussion of the results of the

water soluble pectin. It will be shown later that the syrup of the

canned sweet potatoes contained AGA units and that it was also possible

that it contained high molecular weight molecules similar in chemical

characteristics to those of the versene soluble pectin. These molecules

could have diffused into the sweet potato tissue with increased storage

time until an equilibrium was reached. Table XVI shows that equilibrium

was reached between 60 and 90 days of storage since their means were

not significantly different. The sweet potatoes stored for 30 days, which

would have been expected to have the least amount of syrup diffused into

the tissue, showed a significantly lower percentage of versene soluble
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pectin than those stored for 60 and 90 days. They also showed the lowest

content of versene soluble pectin (AGA) in the dry AIS.

Total Pectin (Expressed as Percentage AGA in the Dry AIS)

Table XVIII in the Appendix shows the percentage total pectin in

the raw sweet potatoes. Results of the analysis of variance to deter

mine the effect of treatment and storage on the percentage total pectin

of the canned sweet potatoes are shown in Table XIV, page 53. Results

of Duncan's new multiple range test for the effect of treatment on the

percentage total pectin of the canned sweet potatoes are shown in Table

XV page 54. Results of Duncan's new multiple range test for the effect

of storage on the percentage total pectin of the canned sweet potatoes

are shown in Table XVI, page 55. Correlation coefficient of the effect

of percentage total pectin in the canned sweet potatoes on the firmness

of the canned sweet potatoes is shown,in Table XVII, page 56. Corre

lation coefficient of the effect of total pectin in the canned sweet

potatoes on the firmness of the raw sweet potatoes is shown in Table

XVII.

Treatment effect on the percentage total pectin of the canned

sweet potatoes was significant at the .01 level of probability (Table

XIV). Storage effect on the percentage total pectin of the canned sweet

potatoes was significant at the .01 level of probability (Table XIV).

Correlation coefficient of the effect of percentage total pectin in the

canned sweet potatoes on the firmness of the canned sweet potatoes was

not significant at the .05 level of probability (r = -0.185). Correlation
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coefficient of the effect of percentage total pectin in the canned sweet

potatoes on the firmness of the raw sweet potatoes was not significant

at the .05 level of probability (r = 0.018).

Thermal processing effected a 39.63 per cent increase in the total

pectin of the dry AIS of the canned sweet potatoes. This increase was

attributed to a combination of the factors which could have caused the

increase in the water soluble and versene soluble pectin fractions.

The increase of the total pectin, expressed as percentage AGA of

the dry AIS of the canned sweet potato, could also be interpreted as a

decrease in the total amount of the three pectin fractions with thermal

processing. The heat-induced depolymerization which was largely responsi

ble for the reported increases in the percentages of water soluble and

versene soluble pectin fractions, was also responsible for the depoly

merization which caused the apparent increase in the total pectin. This

increase in all three pectin fractions could be interpreted as a decrease

in the total pectin when it is considered that a pectin molecule of high

molecular weight will yield a large number of AGA units when depolymer-

ized to such a degree. The analysis of the syrup and of the alcoholic

filtrate from the AIS determination, whose results will be discussed

later, indicated that depolymerization to single AGA units occurred with

thermal processing. Since water soluble and versene soluble pectin

fractions (as well as the total pectin) were analyzed as single AGA units,

an in crease in their total amounts indicated a decrease in their native

content with thermal processing.
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The significant differences between treatment means (Table XV,

page 54) indicated that the lowest degree of depoljmierization was

effected by treatments No. 2 (40 degree brix syrup and 240°F. for 37.0

min.) and No. 4 (40 degree brix syrup and 250°F. for 24.0 min.), whose

means were not significantly different. These were followed by treat

ments No. 1 (25 degree brix syrup and 240°F. for 24.2 min.) and No. 3

(25 degree brix syrup and 250°F. for 15.0 min.), whose means were not

significantly different. The lower degree of depolymerization of the

total pectin by treatments No. 2 and No. 4 was attributed to their lower

rate of heat penetration (f^^ = 28.70 and ~ 55.20) due to the 40 degree

brix syrup used in these treatments. The higher heat penetration rate

of treatments No. land No. 3 (fj^ = 12.13 and = 19.60) due to the 25

degree brix syrup used in these treatments appeared to have effected a

greater degree of depolymerization in the total pectin. Possibly the

high sugar concentration of treatments No. 2 and No. 4 (40 degree brix)

combined with treatment effect on the tissue and the prolonged storage

time to allow some degree of polymerization to occur between the sugar

and the cleaved pectin molecules. This resulted in an apparently lower

degree of depolymerization by these treatments. A similar effect was

suggested in the discussion of the storage effect on the firmness of the

canned Goldrush sweet potatoes.

The significant effect of storage (Table XVI, page 55) was possi

bly due to a combination of the effect of treatment on the tissue of

the sweet potatoes and the consequent different behavior of the roots

during the equilibrium reaction of the can contents during storage.
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Gammas of AGA per Ml. of Syrup of Canned Sweet Potatoes

Results of the analysis of variance to determine the effect of

treatment and storage on the gammas of AGA per ml. of syrup of canned

sweet potatoes ape shown in Table XIV, page 53. Results of Duncan's new

multiple range test for the effect of treatment on the gammas of AGA per

ml. of syrup of canned sweet potatoes are shown in Table XV, page 5M-.

Results of Duncan's new multiple range test for the effect of storage on

the gammas of AGA per ml. of syrup of canned sweet potatoes are shown

in Table XVI, page 55. Correlation coefficient of the effect of gammas

of AGA per ml. of syrup on the firmness of the canned sweet potatoes

is shown in Table XVII, page 56.

Treatment effect on the gammas of AGA per ml. of syrup of canned

sweet potatoes was not significant at the .05 level of probability

(Table XIV). Storage effect on the gammas of AGA per ml. of syrup of

canned sweet potatoes was significant at the .05 level of probability.

Correlation coefficient of the effect of gammas of AGA per ml. of syrup

(which was an indication of depolymerization of the total pectic sub

stances) on the firmness of the canned sweet potatoes was not significant

at the .05 level of probability (r = -O.OM-S).

Thermal processing caused extensive depolymerization of the

pectic substances as evidenced by the high content of AGA in the syrup

which showed a mean of 12.5 per cent AGA per ml. These results were

interpreted as an indication of the depolymerization into single AGA

units effected by thermal processing on the pectic substances. This
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effect possibly occurred to a higher degree in the smaller molecular

weight molecules followed by progressively molecules, and it could have

contributed to the marked increases in the contents of water soluble

pectin, versene soluble pectin, and in the total pectin in order of

decreasing depolymerization into single AGA units.

Bettelheim and Sterling (7) found that the cooking medium removed

pectin molecules of higher ester content from the tissue of the Irish

potato. Since the syrup had a high content of AGA units, it could be

inferred that it also contained pectin molecules of high molecular weight

which were not detected by this method of assay.

The significant effect of storage was attributed to factors

described in the discussions of AIS and of the various pectin fractions

of the canned sweet potatoes.

Mg. of AGA per Ml. of Alcoholic Filtrate of the AIS Determination of the

Canned Sweet Potatoes

Table XVIII in the Appendix shows the mg. of AGA per ml. of

alcoholic filtrate (filtrate) from the AIS determination of the raw

sweet potatoes. Results of the analysis of variance to determine the

effect of treatment and storage on the mg. of AGA per ml. of filtrate

from the AIS determination of the canned sweet potatoes are shown in

Table XIV, page 53. Results of Duncan's new multiple range test for the

effect of treatment on the mg. of AGA per ml. of filtrate from the AIS

determination of the canned sweet potatoes are shown in Table XV, page

5H. Results of Duncan's new multiple range test for the effect of
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storage on the rag. of AGA per ml. of filtrate from the AIS determination

of canned sweet potatoes are shown in Table XVI, page 55. Correlation

coefficient of the effect of rag. of AGA per ml. of filtrate from the AIS

determination of,the canned sweet potatoes on the firmness of the canned

sweet potatoes is shown in Table XVII, page 56. Correlation coefficient

of the effect of rag. of AGA per ml. of filtrate from the AIS determination

of the canned sweet potatoes on the firmness of the raw sweet potatoes

is shown in Table XVII.

Treatment effect on the rag. of AGA per ml. of filtrate from the

AIS determination of the canned sweet potatoes was not significant at

the .05 level of probability (Table XIV, page 53). Storage effect on

the rag. of AGA per ml. of filtrate from the AIS determination of the

canned sweet potatoes was significant at the .05 level of probability

(Table XIV). Correlation coefficient of the effect of rag. of AGA per

ml. of filtrate from the AIS determination of the canned sweet potatoes

on the firmness of the canned sweet potatoes was not significant at

the .05 level of probability (r = 0.210). Correlation coefficient of

the effect of rag. of AGA per ml. of filtrate from the AIS determination

of the canned sweet potatoes on the firmness of the raw sweet potatoes

was not significant at the .05 level of probability (r = 0.116).

The results of the analysis of the filtrate basically agree with

those of the analysis of the syrup in that thermal processing caused a

depolyraerization of the pectic substances into single AGA units, as evi

denced by the high content of AGA in the filtrate of the canned sweet
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potatoes. Analysis of the filtrate from the AIS determination of the

canned sweet potatoes showed that thermal processing caused an overall

increase of 256.90 per cent AGA per ml, of alcoholic filtrate.

These results were also interpreted as an indication of the depoly-

merization into AGA units effected by thermal processing on the pectic

substances. The additional heating of the sweet potato samples during

the AIS determination possibly caused no further depolymerization of

high molecular weight molecules since the temperature was relatively low

compared to those of the processing treatments. However, blending of

the sample for the AIS determination possibly caused mechanical cell

rupturing and separation which allowed the alcohol to remove AGA units

entrapped within the tissue of the canned sweet potatoes.

The significant effect of storage was attributed to the tendency

of the can contents to reach an equilibrium with progressing storage

time.

Ik .



CHAPTER V

SUMMARY

The objective of this study was an attempt to improve the firmness

of thermally processed sweet potatoes. The four major variables studied

were as follows:

1. Effect of various processing treatments on the firmness of

canned sweet potatoes.

2. The relationship between changes in the AIS content during

thermal processing and the firmness of canned sweet potatoes.

3. The relationship between changes in the pectic substances

during thermal processing and the firmness of canned sweet

potatoes.

4. The relationship between the diameter and the firmness of

canned sweet potatoes.

Under the conditions of the study reported in this paper, it was

found thati

1. The effect of thermal processing treatment on the firmness

by objective evaluation of canned sweet potatoes was signifi

cant at the .01 level of probability,

2. The sweet potatoes subjected to treatments with high heat

penetration ratios (f^^ = 12.13 andfg = 19.60) were signifi

cantly firmer than the sweet potatoes subjected to treatments

with low heat penetration ratios (fj^ = 28.70 and fg " ̂̂.20).

71
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3. The treatments with high heat penetration ratios were associated

with a lower degree of cooking and the treatments with low heat

penetration ratios were associated with a higher degree of

cooking.

<+. This study suggested the possibility of controlling the firm

ness of canned sweet potatoes by treatments designed to effect

a low degree of cooking provided the sterilization values

attained a safe process.

5. Analysis of variance showed that storage time was a signifi

cant factor (at the .05 level of probability) in the objective

evaluation of firmness of canned sweet potatoes.

6. Although the analysis of variance showed that the effect of

thermal processing on the AIS content was significant at the

.05 level of probability, the AIS content was not signifi

cantly related to the firmness of canned sweet potatoes.

7. Duncan's new multiple range test showed that treatments with

a high thermal processing temperature (250®F, for 15.0 and

2M-.0 min.) had a significantly greater solubilizing effect

on the AIS, regardless of processing time, than the treatments

with a low processing temperature (240°?. for 24.2 and 37.0

min.).

8. Analysis of variance showed that storage time was a highly

significant (.01 level of probability) factor on the AIS

content of canned sweet potatoes. Duncan's new multiple
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range test showed an apparent decrease in the AIS content of

the canned sweet potatoes with increasing storage time, until

equilibrium was reached.

9, Pectic substances were not significantly related to firmness

of the canned sweet potatoes.

10. Analysis of variance showed that treatment effect on the ver-

sene soluble pectin was significant at the .05 level of

probability. The effect on the total pectin was significant

at the .01 level of probability.

11. Duncan's new multiple range test showed that the treatments

with low heat penetration ratios (fj^ = 28.70 and = 55.20)

effected a lower degree of depolymerization on the total

pectin than the treatments with high heat penetration ratios

(f. = 12.13 and f„ = 19.60),
n 2

12. Thermal processing effected the following increases in various

pectin fractions analyzed: (a) 200.63 per cent in the water

soluble fraction, (b) 76.25 per cent in the versene soluble

fraction, (c) 39.63 per cent in the total pectin. Due to the

method of analysis used in this study, these increases were

interpreted to be representative of decreases in the content

of the native pectin fractions.

13. Thermal processing caused extensive depolymerization of the

pectic substances into AGA units.
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14. The analysis of the syrup of the canned sweet potatoes showed

a mean of 12.5 per cent AGA per ml. The analysis of the alco

holic filtrate from the AIS determinations of the raw and the

canned sweet potatoes showed an overall increase of 259.60

per cent in the AGA content. The analyses of these two

fractions were interpreted as being an index of the depoly-

merization of the pectic substances into AGA units as a result

of thermal processing.

Is. Analysis of variance showed that, except in the case of the

water soluble pectin, the effect of storage on the percentages

of all the pectin fractions analyzed was significant at the

.01 level of probability. The effect of storage on the water

soluble pectin was significant at the .05 level. The signifi

cant effect of storage was attributed to the equilibrium

reaction within the contents of the can,

16. Due to the uniformity in the diameter of the roots randomly

selected for this study, a,correlation analysis for the

effect of diameter on the firmness of the canned sweet

potatoes was not calculated.
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TABLE XVIII

RESULTS OF THE CONTENTS OF VARIOUS PECTIN FRACTIONS

IN THE RAW SWEET POTATOES

Variety
Fraction Centennial Goldrush

Percentage AIS 12.645 11.825

12.600 11.570

12.610 11.650

Water soluble pectin 2.813 2.626

(as percentage AGA in 2.626 2.719

the dry AIS) 2.626 2.907

Versene soluble pectin 5.720 5.251

(as percentage AGA in 6.283 5.439

the dry AIS) 5.720 4.876

Total pectin 8.252 6.939

(as percentage AGA in 8.252 7.033

the dry AIS) 8.439 7.408

Mg. of AGA per ml. 2.461 2.251

of alcoholic filtrate from 2.532 2.321

the AIS determination 2.579 2.321
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