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ABSTRACT

EFFECT OF VARIETY, NITROGEN FERTILIZATION

AND STORAGE TEMPERATURE ON THE CHANGES

IN MARC, SUCROSE AND DRY MATTER

CONTENT OF SUGARBEETS

DURING STORAGE

by Roger E. Wyse

Three sugarbeet varieties grown with 150 and 75 lbs. of

nitrogen per acre were stored for 136 days at 35 and #5 F.

A supplementary experiment involved seven varieties. The

differences between varieties in degree of marc decomposi-

tion, dry matter and sucrose losses and the changes in

clear juice purity were determined.

At the time of harvest there was a significant dif-

ference between varieties in percent marc. Nitrogen fer-

tilization had no effect on the marc and sucrose contents

or on the clear juice purity. Beets grown under high nitro—

gen (lBO#/A) and stored cold (35 F.) were generally higher

in percent of original marc over the entire storage period.

The variety x treatment interaction was highly significant

for both storage temperature and nitrogen fertilization.

There appeared to be no correlation between the in-

creased unaccounted for impurities in the clear juice and

increased impurities in the diffusion juice due to marc

solubilization.



Roger B. Wyse

Beets grown on high levels of nitrogen and stored

cold retained the highest percent of original extractable

sugar per ton.

The decrease in dry matter was greater than the

decrease in sucrose over the entire 136 day storage period

but particularly in the first 93 days indicating that a

significant amount of non-sucrose substances were being

reSpired. This may account in part for the increase in

clear juice purity which is common in the early stages of

storage.

A substantial difference was found between the seven

experimental varieties in the solubilization of marc during

storage. There was also a significant difference in resist-

ance to rot, mold and Sprouting between the seven varieties.

Solubilization of marc during storage is of interest

because it increases the pectin content of the diffusion

juice and makes filtration of first carbonation juice dif-

ficult.
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INTRODUCTION

In the past twenty years improved technology has sub-

stantially increased the yield of sugarbeets. This coupled

with larger acreages and faster mechanical harvest has made

it necessary for sugar factories in the United States to

lengthen the processing campaign. A longer campaign

requires the storage for extended periods of four to five

months of a large percentage of the beets delivered.

At the time of harvest the sugarbeet is at its peak

in processability, but under present storage conditions the

quality decreases rapidly after two or three months storage.

The primary effects of storage are (l) a substantial de-

crease in sucrose, (2) an increase in soluble impurities

in the thin juice, (3) an increase in color and lime salts

in the thin juice, and (A) an increase in soluble pectic

substances in the diffusion juice.

The loss in sucrose can be reduced by lowering pile

temperatures thus reducing reSpirational losses. The in-

crease in impurities increases the production of molasses:

an undesirable but tolerable effect. The effect of in—

creased lime salts can be counterbalanced by adding soda

ash. The increase in pectins however reduces factory effi-

ciency by substantially reducing filtration and diffuser

flow rates.



Previous research on the effects of storage on the

soluble pectin content and subsequent decrease in marc on

various root and fruit crops has been extensive. In general

the results have shown a substantial increase in soluble

pectins particularly when stored at warm temperatures. The

effect of storage on the breakdown of the insoluble cell

wall materials and the subsequent increase in impurities

in the diffusion juice in the sugarbeet has yet to be ascer-

tained.

With the removal of the leaves, petioles, and crown

at harvest all accumulation of sucrose and minerals within

the sugarbeet root is halted. The composition at this time,

therefore, serves as a basis for all subsequent metabolic

changes in storage.

The important changes which occur in the sugarbeet

during storage are those which affect the processability,

decrease the recoverable sugar, and cause a solubilization

of the marc. These changes are primarily due to respiration

and other catabolic processes which increase the amount of

soluble impurities and particularly pectic substances, and

reduce the sugar content of the beet.

This study was aimed at determining the breakdown of

the insoluble cell wall materials and the changes occurring

in sucrose and dry matter as affected by variety, cultural

practices and storage condition.



REVIEW OF LITERATURE

Sources of Impurities
 

Breakdown pf Marc.--The sugarbeet marc is the insol-
 

uble residue which remains after extraction of the beet

with water (McGinnis, 1951). The marc is composed primarily

of cellulose (~25%), hemicellulose (~25%), and pectic sub-

stances (W5O%). The pectic substances are stable only in

cold water and swell and become soluble in hot water (Silin,

1964).

The marc averages approximately 5% of the fresh weight

of the beet (Silin, 1964). In a test of fifteen varieties,

however, Owens at 31. (1954) found the marc content to vary

from 3—6%.

Pectic Substances as Sources 9f Impurities.-—The
  

pectic substances are high molecular weight polymers, deriv—

atives of pectic acid, and made up of galacturonic acid

residues. In pectic acid, the carboxyls are free and can

readily react with calcium to form insoluble calcium pec—

tate. In pectin and protopectin the carboxyls are ester-

ified with methanol (Bonner and Galston, 1952). In the

sugarbeet the free carboxyls may be as high as 50% methy-

lated (Goodban and McCready, 1965). From 6% (Kertesz, 1951)



to 30% (Goodban and McCready, 1965) of the hydroxyls

in the two and three positions may be acetylated.

The pectic substances are in two forms: water soluble

and water insoluble. The water insoluble form is proto-

pectin, the structure of which is unknown, but which is

thought to exist in a matrix complex of pectin, cellulose

and hemicellulose. Protopectin upon hydrolysis yields the

water soluble pectic acid (Kertesz, 1951 and Joslyn, 1962).

The breakdown of protopectin by water is highly tem-

perature dependent. Protopectin when treated with hot water

swells and gradually dissolves in the form of pectin (Silin,

1964 and Owen, 1955). Silin (1931) extracted dried beet

pulp and found only a slight increase in solubility up to

80 C., however, the amount of pectin extracted at 90 C. was

30 times greater than that at 80 C.

The soluble forms of the pectic substances are pectin,

pectic and pectinic acids (Kertesz, 1951). Pectic and pec—

tinic acids have insoluble calcium salts, but are highly

esterified and yield methanol and acetic acid salts when

heated in alkali solution.

Changes in the Pectic Substances During Storage.-—The
  

soluble pectins after an initial increase in the early

stages of growth, decrease steadily until harvest. The

amount of total pectic substances is decreased by a mois-

ture deficiency. Fertilizer has no significant effect

(Gaponenkov, 1943).



Silin reports that microbial activity and Sprouting

increase the quantity of soluble pectins during storage.

Walker (1960) found no significant change in the pectin con-

tent over a 48 day storage period when beets remained in

good condition, but when stored for 161 days at 34 F., the

pectin content decreased one—third.

If freezing occurs during storage the pectin, which

in a normal healthy beet is a large macromolecule, will be

decomposed by enzyme action to a colloidal size (Claassen,

1943).

Effect 9f Pectic Substances 9n Processing.—-The first
  

noticeable effect of pectic substances in the factory is in

the diffuser. Beets which have been exposed to conditions

which weaken the protopectin stability must be diffused at

lower temperatures to prevent the cossettes from losing

their resilience. Loss of resilience will prevent the free

flow of water through the diffuser. For frozen or spoiled

beets the temperature should not be allowed above 70-75 C.

Silin (1964) found a 110% increase in pectic substances in

diffusion juices by increasing the temperature from 75.5 C.

to 85.1 C.

During defecation the pectinic acid present in the

diffusion juice is de—esterified, splitting off methanol and

acetic acid. The acetic acid forms soluble calcium acetate

and the polygalacturonic acid residue forms an insoluble

calcium pectate (Silin, 1964 and Goodban and McCready, 1965).
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resistance to rot when mother beets were stored in poly-

ethylene bags at 38-40 F.

Sugar Losses Due tg_a_Decrease in Purity.-—The
 

decrease in recoverable sugar during storage is not solely

a result of sucrose lost as CO but is also due to an in-2:

crease in impurities in the thin juice (McGinnis, 1951;

Silin, 1964; Carruthers, 1962; and Dexter, 1965). Even if

the impurities did not increase, a decrease in sucrose in

the clear juice would give a lower purity. In the table

prepared by Dexter (1965) from the formula proposed by Great

Western Research Lab (Sugar Beet Res., 1964) it can be seen

that a 1% decrease in clear juice purity will cause ap-

proximately a 6 lb. or 2% decrease in extractable sugar per

ton of beets, percentage sucrose remaining the same.

In an intensive examination of compositional changes

in diffusion juice during storage, Walker (1960) found a

decrease in purity from 92.2% to 87.2% in 90 days at 50 F.

The apparent impurities calculated from TJP increased from

8,500 to 14,700 mg/lOOS. The only significant compositional

change found, however, was an increase in invert at the

expense of sucrose with no loss in total sugars. The 6042

mg/lOOS increase in invert was approximately equal to the

6200 mg/lOOS increase in impurities. These results seem

very different from those of Barr (1940) and Stout (1950)

who accounted for 60 to 80% of their extensive sugar losses

by CO evolved and only 20% by inversion.
2



Carruthers (1962) derived the relationship of

(3.5 X Na) + (2.5 X K) + (10 X NH2) which accounted for

a high percent of the total impurities in fresh beets.

Dexter et a1. (1966) using Carruther's factors for Na, K

in the clear juice of stored beets found that as
2

the apparent impurities increased particularly at warm

and aNH

temperatures the percent of impurities unaccounted for by

Na, K and aNH decreased sharply. If this relationship
2

is applied to the data presented by Walker the same trend

is noted. Dexter proposed that these unaccounted for im-

purities may be weak acids with soluble calcium salts formed

in the decomposition of sugars and/or cell wall constituents.



MATERIALS AND METHODS

Three varieties of sugarbeets from a variety nitrogen

yield experiment conducted by the Monitor Sugar Co., were

stored for 136 days at 32 and 45 F. The three varieties

(Commercial, 63-194, and 401) had been planted in 28” rows

with nitrogen fertilization rates of high (150#/A) and low

(75#/A). The average yields for the three varieties were:

Commercial, 23 T/A; 63—194, 18.5 T/A; and 401, 19 T/A.

All beets were hand dug and topped by lightly scraping

off the petioles and then cutting off the main bud down to

a diameter of approximately two inches. Immediately after

harvest the beets were bulked by treatment and divided into

storage samples of ten beets each. All samples were hand

picked to contain only beets of uniform size and to remove

broken and diseased beets. The samples were then weighed

and placed in mesh bags inside of canvas bags and placed

in two walk-in refrigerators at 32—35 F. and 45 F. All

samples placed in storage were replicated three times.

In order to further study the variations between vari-

eties in storage based on marc decomposition, a supplemen-

tary experiment was conducted. Eight experimental varieties

from a variety test conducted by Dr. George Hogaboam were

stored for 140 days at 45 F. All samples were machine

10
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harvested and badly bruised when placed in storage. In an

attempt to prevent rotting the samples were dipped in a 10%

Clorox solution prior to storage. Each sample was placed

in a plastic bag. Approximately ten samples were then

placed in a large canvas bag for storage.

Analysis

All samples were analyzed for sucrose*, clear juice

purity Na, K, a amino nitrogen, mare and dry matter immedi-

ately after harvest and at three removal dates approximately

40 days apart.

Marc Determination.--Brei samples were taken at the
 

time of sugar analysis and immediately frozen for marc

analysis later. For analysis samples were thawed at room

temperature and 50 gms of brei weighed into a tared 250 ml

beaker and dried at 75 C. for 36 hours in a forced air oven.

After 36 hours the samples were reweighed tocietermine the

dry matter content. At the same time that the samples were

being weighed for drying, two piece buchner funnels were

prepared with a 1/4” cellulose filter pad. The filter pads

were prepared by pouring a thick slurry of powdered cellu-

lose into the funnels which were then pulled down under

vacuum and washed with approximately 250 m1 of water. The

filters were then dried with the samples for 36 hours and

weighed.

 

*Apparent sucrose, polarimetric
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One hundred seventy-five m1 of distilled water at

80 C. was added to the dried brei in each beaker. The

beakers were then placed in an 80 C. 1 0.2 C. water bath

for thirty minutes. Samples were stirred several times

during the thirty minute hot water treatment. After the

bath treatment the samples were poured into the tared two

piece buckner funnels. The samples were then extracted

with 1000 ml of 80 C. i 3 C. distilled water added in 200

ml aliquots. The filter was pulled to dryness after the

addition of each aliquot. Total extraction time including

bath treatment was 45 minutes. The funnels were then dried

for 24 hours at 75 C., reweighed and the percent marc cal—

culated.

All values reported for percent sucrose, dry

matter, and marc were corrected for shrinkage during

storage by multiplying by the ratio of the weight of the

sample after storage to the weight of the sample before

storage.



RESULTS AND DISCUSSION

Variables in Marc Determination
 
 

Extraction Temperatures.--Since the solubility of
 

the pectins which make up approximately 50% of the marc is

highly temperature dependent, the percent marc as deter-

mined by hot water extraction should also be highly temper-

ature dependent. To determine the effects of temperature

in the marc determination a well mixed brei sample was

divided into 50 g lots and treated in the normal marc extrac—

tion procedure except for the following variations in ex—

traction temperatures (Table l). All treatments were repli-

cated three times.

TABLE l.--Effect of Extraction Temperature on Percent Marc.

 

 

 

 

Bath Extraction

Treatment Temperature Temperature Pe§cent
arc

(0.) (C.)

l 70 70 4.590

2 80 12 4 . 394

3 80 80 3.844

4 80 100 3.225

The results exemplify the sensitivity of the marc to

high extraction temperatures. Increasing both the bath and

13
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extraction temperatures from 70 C. to 80 C. decreased the

percent marc by 0.745. Increasing the extraction tempera-

ture from 12-80 C. reduced the percent marc 0.550. The

increase from 80 to 100 C. reduced the percent marc by

0.619. These results correlate with the rates of proto-

pectin hydrolysis found by Silin (1964). At temperatures

below 80 C. the hydrolysis of protopectin was slow, but

above 80 C. the breakdown was extremely rapid. In sugar-

beet processing, diffusion temperatures do not usually

exceed 80 C.

The results indicate the necessity of accurate control

of bath and extraction temperatures in determining the per-

cent marc particularly at temperatures near 80 C.

A similar experiment was conducted to determine the

effect of the volume of extraction water used. Increasing

the volume from 1—2 liters reduced the percent marc 0.158

(3.998+ 3.840). The one liter volume was used in all storage

marc determinations to enable a more precise control of

extraction temperatures and to reduce the time required

for extraction, even though it did not give the lowest per-

cent marc.

Length_gf Extraction Time.--Solubilization of pectin
 

is not only temperature dependent, but also depends on the

length of treatment (Silin, 1964). The extraction time

should therefore have an effect on the determination of

percent marc.



15

A well mixed brei sample was divided into 50 gm lots

and treated with 80 C. distilled water for various bath and

extraction times. Table 2 indicates the treatments applied.

Lots of six samples were treated in the bath for periods of

10, 30, and 60 minutes after which three samples from each

lot were extracted for 10 minutes and three for 20 minutes.

The same volume of water was used in both cases.

TABLE 2.——Effect of Varying the Length

of Bath Treatment and Extraction Time on

Percent Marc.

 

 

 

Extraction Bath Time

Time 10 30 6O

10 4.809 4.485 4,359

20 4.527 4.320 4.205

 

A rapid decrease in the percent marc was found between

the 10 and 30 minute bath times after which the rate

decreased (Figure 1). The twenty minute wash removed a

greater proportion of the marc (0.28 compared to 0.16) at

the 10 minute bath time than at the 30. However, the

greater amount extracted in 20 minutes was a constant be-

tween 30 and 60 minutes.

The results indicate that just over 10 minutes is

required for the easily solubilized pectins to become com-

pletely soluble and to diffuse out of the cell. With the
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removal of these pectins the protopectin begins to solubilize

at a rate pr0portional to the extraction time.

Effect of Nitrogen Fertilization and Variety
 

on Percent Marc at Harvest
 

Variety 5 Nitrogen -—Under the conditions of this ex—

periment there was no effect of the rate of nitrogen fer—

tilization on the marc and sucrose contents nor on the C.

J. P. at harvest. Previous experiments to determine the

effects of nitrogen have shown significant differences

between high and low levels of nitrogen. In general lower

rates of nitrogen increase the percent sucrose and clear

juice purity.

In order to compare marc values directly between

varieties, the percent marc at harvest was adjusted to a

constant 25% D.M. to eliminate variations due to differences

in dry matter content (Table 3). Although a significant

difference was found between varieties in percent marc, the

rate of nitrogen fertilization had no effect.

Experimental Varieties.——The results of the supple-
 

mentary experiment to determine the variation in percent

marc between eight varieties at harvest are given in Table

4.

At the time of harvest the marc values ranged from a

high of 4.604% in 02 clone to 3.853 in variety D. Varieties

D and E are identical genetically except for one inbred line

and had essentially identical marc values at harvest.
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TABLE 3.-—Percent Marc of Three Varieties at Harvest

Adjusted to 25% Dry Matter.

 

 

 

U U (1)

$4 M C.)

U60 H CU CZ

+3 (1)2 (D 2 CU

CC 4—3 +3 "U C)

(1)0) mp +3+> 0343 H

008 :5: CCU PC CH

0+3 'Y’DCD (1)2 030) .r.)

S—qCU "CO 0 130 C:

P0) CUM 54>: "—05-! b0

«45-4 CJG) (Di-4 "CCU n—l

ZE—i 1:904 LLQ <04 U)

Commercial 150# 4.501 24 656 4.563

75# 4.633 24.310 4.765

Average 4.567 24.483 4.664

63—194 150# 4.826 23.651 5.101

75# 4.759 23 872 4.985

Average 4.793 23.762 5.043

401 150# 4.336 21.824 4.967

75# 4.492 23.012 4.880

Average 4.414 22.418 4.923

 

Average high nitrogen 4.877

Average low nitrogen 4.876



TABLE 4.——Percent Marc of Eight EXperimental Varieties at

Harvest Adjusted to 25% Dry Matter.

 

 

T r4 . -- 4
Lnadjusted Percent Adjusted

Variet Percant Percent

y t Dry Matter

 

Marc Marc

A 4.240 26.101 4.061

P 4.172 26.850 3.885

c 3.846 24.489 3.926

D 3.944 25.551 3.858

E 4.009 25.341 3.955

F 4.432 26.769 “-139

G 3.837 23.126 4.147

H 4.420 23.997 4.604

 

— SL(l29 x 133) MS x SP(5822-0)

— (SP 6121 x FL 31) Ms x (SP 5822-0)

— SL(129 x 133) MS x (SP 6322-0)

(SL 129 x SP 6121) MS x (SP 6428—0)

- (SL 126 x SP 6121) MS x (SP 6428-0)

— (SP 5822—0)

SP 6322—0

H — 02 Clone
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Rt/f’bUi‘t/S Of 1116261.. Storage
 

After 136 days of storage all samples of the three

varieties were in excellent physical condition. The beets

stored warm wilted Slightly more than the beets stored cold

but no visible rot or mold was found.

Excessive desiccation was noted when samples were

removed for the first analysis. his problem was alleviated
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by placing the remaining samples inside plastic bags.

(For a complete table of results, see Appendix.)

Changes in Percent Marc During Storage
  

Effect of Nitrogen Fertilization.——Figure 2 is an
 

average of all varieties and storage temperatures at the E

v
.
‘
f
H
'
i
‘

high and low nitrogen levels. The results indicate a steady

decrease in marc over the entire storage period at both

nitrogen levels. Although the difference was not signifi-

 cant the beets grown at the high level of nitrogen were m

consistently higher in percent of original marc over the

entire storage period.

Nitrogen fertilization (Figure 3) had a different

effect on each variety. The variety x nitrogen interaction

was Significant at the 5% level with an LSD of 0.253. In

63-194 the differences between high and low nitrogen were

not significant. However, the commercial variety grown on

high nitrogen stored significantly better than those on low

nitrogen. In variety 401 just the opposite situation

existed with the low nitrogen beets losing a smaller per—

centage of their original marc.

The results indicate very little effect of nitrogen

fertilization on the decomposition of insoluble cell wall

material in beets during storage. The differences which

did occur were consistent for the whole experiment but

varied with individual varieties. However, beets grown on

high nitrogen were consistently higher in percent of
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53 93 136

Days in Storage

100. Variety 63-194

9Si

90'

“\. High Nitrogen

85-r Low Nitrogen

80 J. .L 1.

53 93 136

Days in Storage

Variety 401

100‘

95-

90. Low Nitrogen

\\ High Nitrogen

857-

80  
 

i t f

53 93 136

Days in Storage

Figure 3.--Effect of nitrogen fertilization on marc

breakdown of three individual varieties.
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original marc remaining, indicating that a high level of

nitrogen fertilization may contribute to marc stability

during storage.

Effect 9f Storage Temperature.——Figure 4 is an average
 

of all varieties and nitrogen treatments at each storage

temperature. The final difference between the two storage

temperatures was significantly different at the 10% level.

The temperature x variety interaction was also significant

at the 10% level. A breakdown into individual varieties

indicates little effect due to storage temperature in the

commercial and 63-194 varieties. Variety 401, however,

stored better at 35 F. than at 45 F.

Although the final difference between the two tempera-

tures was small, the beets stored at 32 F. stored with con-

sistently less decomposition of marc than the beets stored

at 45 F., particularly in the first 93 days of storage.

Individual varieties (Figure 5), showed a Significant

difference in storing ability. Long term storage may re—

quire the proper combination of fertilization, variety and

temperature.

Effect 9f_Variety.--After 136 days of storage an ana-

lysis of variance indicated a significant difference in per—

cent marc between the three varieties (Figure 6). Variety

MOI, however, did not lose a Significant amount of marc

until after 93 days of storage. The other two varieties de-

creased in a linear fashion over the entire storage period.
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Effect of storage temperature on marc

decomposition of three individual varieties.
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Figure 6.——Breakdown of marc in three varieties over a

136 day storage period.
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Figure 7 is a composite of all marc values at each

removal date. The decrease was essentially linear over the

ertire storage period. All varieties retained approxi-

mately 89% of their original marc.

Table 5 Shows the changes in marc which occurred over

the 140 day storage period for the seven experimental vari-

eties stored at 45 F.

TABLE 5.-—Changes in Marc and Dry Matter Content During 140

Days of Storage in Seven Experimental Varieties.

 

 

 

Percent of

Original Marc

  

 

Harvest Last Removal Remaining at

Variety Storage End

% 76 96 % 76 %

Dry Matter Marc Dry Matter Marc Dry Matter Marc

A 26 101 4.240 22.982 3.690 88.05 87.02

B 26.850 4.172 21.747 3.323 80.99 79.65

D 25 551 3.944 22.055 3.358 86.32 85.14

t 25 341 4.009 22.738 3.609 89.73 90.03

F 26.769 4.432 23.948 3.979 89.46 89.77

t 23.127 3.837 21.295 3.363 92.08 87.65

H 23.997 4.420 20.662 3.816 86.10 86.33

Average Loss 13.49

 

When removed from

small amounts of rot

storage varieties G and H had only

but were excessively sprouted.

E had no rot and very few sprouts.

completely rotted and was discarded.

Variety C was almost

The other varieties

Variety
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Figure 7.-—Effect of storage on the breakdown of marc in

all storage treatments.
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were intermediate between these two extremes but all con-

tained excessive rot in the crown area. Before obtaining

brei for marc determinations all rotting tissue was removed.

A wide range was found within the varieties in the percent

of marc solubilized. Variety B losing 20.35% of its origi—

nal marc was definitely the inferior variety and variety E T

the superior losing only 9.98%.

The other varieties were grouped at about 13.49% loss

which corresponds rather closely to the 11% average loss in

 the variety-nitrogen experiment. #3

There appeared to be little connection between origi—

nal percent marc and the loss of marc during storage. Fig—

ure 8 is a plot of the original percent marc for the seven

varieties adjusted to 25% dry matter plotted against the

decrease in storage. The two varieties B and D which were

low in percent marc had the greater loss in original marc.

However, there appeared to be little connection between

original percent marc and loss during storage.

Pr0per selection of variety for long storage may

become a factor to consider in future breeding programs.

Increase in Impurities 12 the Diffusion

Juice Due to Marc Decomposition

  

  

The dry matter in the beet, before or after storage,

might be considered to be (I) insoluble marc, (2) sucrose,

and (3) solubles other than sucrose in the diffusion juice.

A logical means of expressing the effect of marc

decomposition on sugarbeet processing is on the increased
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Figure 8.--Relationship between percent marc at harvest

and loss of marc during storage in seven experimental

varieties.

 



ion—sucrcse impurities in the diffusio *
1

1 juice which must

1»

1e remeved in the purificag,on process. In Table 6 the

increased impurities due to the breakdown of marc are ex—

pressed i1;rmg/TOOS.

TABLE o.-—Impurities Added to the Diffusion Juice by Marc

Decomposition Over the 130 Day Storage Period.
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3(Dv~:ease in Marczriral % Sucrose)lO0.000

De—esteificaiion of soluble pectins will yield acids

with soluble ca; ium salts which will pass into the thir

1

Twice, be concentrated in the thick juice, and precipitate

forming calcium deposits on the evaporation pans.
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High nitrogen fertilization and cold storage tempera-

tures reduced the amount of impurities in the diffusion

juice due to a solubilization of marc although the differ-

ences between treatments was small. The commercial variety

was superior to both 401 and 63—194.

Since the soluble pectic substances are the portion

of the marc which is easily degraded in storage, a part of

the increase in impurities in the diffusion juice can safely

be assumed to be pectinaceous materials that precipitate

with lime.

Relation of Increased Impurities in

Diffusion—Juice to Unaccounted fa?—

Impurities ip_Clear Juice

 

  

  

From the purity of the thin juice the total impurities

in mg/lOOS were calculated. As found previously by Dexter

(1966) the percent of these impurities accounted for by

Carruthers between Na, K +c1NH decreased during storage.
2

However, the increase in unaccounted for impurities showed

little relation to the increased impurities in the diffusion

juice due to the decomposition of the marc (Table 7).

A rigorous study of the impurity changes which

occurred in the diffusion juice, the clear juice and Ca

precipitated impurities could not be made pending a deter—

mination of raffinose and inverts. Such a study is required

to correct the pol. reading for these optically active com-

pounds before valid conclusions can be drawn. When the

extract from the mere determination was treated with CaO
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the supernatant did not reveal the presence of any pectic

substance using the carbazole test of McComb and McCready

(1952) for Anhyduronic Acid.

TABLE 7.--The Relationship Between the Impurities Added to

the Diffusion Juice by Marc Decomposition and the Increase

in Impurities in the Clear Juice After 136 Days of Storage.

 

 

Increase in

Unaccounted for

Variety Impurities in

Increase in

Apparent Impurities
Change in

Marc

 

. in Clear Juice

tsetse (mg/loos) WW

Commercial 3034 2336 2975

63-194 1066 738 3870

401 2402 2111 3429

 

At present the insoluble protopectin is thought to

exist in a complex with the hemicellulose arabans and galac-

tans (Joslyn, I962). The breakdown of protopectin during

storage would also cause the arabans to become soluble

(Owens and Goodban, 1956). Since the arabans are not pre-

cipitated with calcium they would pass through the factory

into the molasses (Silin, 1964). Therefore, the absence of

pectic substances in the clear juice does not imply that

all the impurities added to the diffusion.juice'due to marc

breakdown were precipitated with lime and did not contribute

to the impurities in the clear juice.
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Relationship Between the Changes in

Dry Matter, Sucrose and Marc During

Storage

 

 

Figure 59 is a composite of all varieties and treat-

ments and gives the actual changes in marc, dry matter and

sucrose during the 136 day storage period.

Although the total DM and apparent sucrose losses are

much greater than the loss of marc, the relative decrease

is much greater in the marc. The total decrease in dry

matter (1.45 gm/lOOgm beets) is greater than the loss in

apparent sucrose (1.17 gm/lOOgm beets). Since it is cur-

rently thought that a large part of the sucrose losses

during storage are due to inversion (Stout, 1950 and Barr,

1940) which would not result in a D.M. decrease, this phe-

nomena is even more surprising. If we assume that all the

sucrose was lost by reSpiration, the decrease accounts for

only 67% of the total dry matter lost after 93 days of

storage and 80.6% after 136 days.

The greater decrease in dry matter would indicate

that non-sucrose compounds are being respired. This may

in part account for the increase in purity during the early

stages of storage. However, before valid conclusions can

be drawn a correction for raffinose and invert must be made.

Analyses for "apparent sucrose” are not sufficient.

Changes in Extractable Sugar During Storage
 

A comparison of the three varieties in recoverable

sugar lost (Table 8) indicates that the commercial variety,
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although containing a higher percent sucrose at harvest, and

after storage had a larger percentage of loss. Varieties

63—194 and 401, however, did not decrease significantly in

recoverable sugar in the first 93 days of storage. Over

the entire 136 day storage period the commercial and 401

both lost approximately 11% of their original recoverable

sugar, while variety 63—194 lost only 5.2%. Marc decompo-

sition was greatest in 63-194. Therefore, although a high

percent of recoverable sugar was maintained, the overall

processability may be lower due to the increased pectina—

ceous materials caused by marc decomposition.

In comparing the two storage temperatures (Table 9),

the decrease in extractable sugar was essentially the same

in the first 93 days of storage, however, in the final 43

days the decrease was extremely rapid with the warm temper-

ature resulting in three times more extractable sugar being

lost than the cold stored beets.

High nitrogen beets decreased steadily in extractable

sugar over the entire storage period. The low nitrogen

beets however increased Slightly after 53 days of storage

but then decreased rapidly. In this instance, although the

differences between high and low nitrogen beets were small

at harvest, the low nitrogen beets were slightly higher in

extractable sugar. However, these higher quality beets

had the greatest decrease in extractable sugar which is in

conflict with the previous findings of Dexter (1966) where
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high quality beets stored with a smaller decrease in

ESPT.*

Although the calculation of extractable sugar per ton

is an excellent method of combining the factors which enter

into the quality of freshly harvested sugarbeets into one

number, it does not incorporate the factor of processability.

Evaluation 9£_the Method of Analysis
  

Although the accuracy of the procedure was demon-

strated in duplicate marc determinations on a large, well—

mixed brei sample, the replications in the storage experi-

ment occasionally contained marc values which were obviously

out of line. However, these variations may have been due to

sampling errors and not procedure. At the time of the last

removal LSD values of 0.35, 0.25, and 0.439 were required

for significance at the 10% level between varieties, inter-

actions and treatments reSpectively.

The procedure used in marc determination was a rather

severe one and may have partially obstructed treatment dif-

ferences by removing a large amount of substances which were

insoluble prior to the extraction thus blanketing differences.

A possible solution would be to reduce the bath temper-

ature to 70 C. and wash with cold water. This would also

remove the error due to small temperature differences at

80 C. (see pg. 13).

 

*Extractable sugar per ton.



SUMMARY AND CONCLUSIONS

The effects of sugar beet variety, nitrogen fertili-

zation and storage temperature on the decomposition of the

insoluble cell wall materials and the changes in apparent

sucrose and dry matter in a 136 day storage period were

studied. Three varieties-—commercial, 63—194, and 40l--were

grown under high (l50#/A) and low (75#/A) nitrogen fertili-

zation and stored at 32-35 F. and 45 F. Percentages of

marc, dry matter, apparent sucrose and C. J. P. were deter-,

mined at approximately 40 day intervals.

MPrc and dry matter were determined at harvest and

after 140 days of storage with seven additional varieties

to further study the difference in storing ability between

varieties.

The study yielded the following conclusions:

1. In this experiment only slight differences in

sucrose and C. J. P. were found between lots

of beets fertilized with 75 vs 150 lbs. of

nitrogen per acre.

2. At the time of harvest there was a significant

difference between varieties in percent marc.

Nitrogen fertilization had no effect.

3. A rise in temperature from 35 F. to 45 F. sig-

nificantly increased the rate of marc

4O
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decomposition. There was also a significant

variety X temperature interaction.

The rate of nitrogen fertilization did not

affect the solubilization of marc in the

overall experiment. However, the variety X

nitrogen interaction was highly Significant.

In variety 63-194 marc decomposition was the

same at both levels of nitrogen. In the

commercial variety, however, marc decomposition

was significantly lower at the high nitrogen

rate than at the low. Variety 401 was just the

reverse of the commercial variety.

After 136 days of storage there was a Signifi-

cant difference between varieties in the per-

cent of original marc lost. Variety 401 was

definitely superior in storing ability for

the first 93 days of storage.

A comparison of seven experimental varieties

stored at 45 F. indicated a significant dif-

ference between varieties in resistance to

rot, mold and Sprouting. The variety most re-

sistant to mold retained the highest percent

marc. Sprouting appeared to increase solubili-

zation of marc. There was little correlation,

however, between percent marc at harvest and

the decrease in marc during storage.
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The loss in marc was 11.3 and 13.5 percent

in the Variety x Nitrogen and Variety Test

reSpectively.

There was little correlation between the

increase in soluble solids in the diffusion

juice due to marc decomposition and the

increased impurities in the clear juice.

However, no analysis of raffinose and in-

vert were conducted to correct for errors in

the apparent sucrose values.

The absolute decrease in dry matter was sig-

nificantly greater than the decrease in

apparent sucrose. This was particularly true

at warm storage temperatures, indicating the

rate of non-sucrose substrate reSpiration to

be substantial.

Beets stored cold and beets grown with high

nitrogen (150#/A) stored with the least loss

of extractable sugar.
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