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For some time, the beet sugar processing industry has been
aware of the problem of compositional changes in sugar beets
during storage. Primary interest centered on the sucrose losses
resulting from the effects of metabolic activity of beet tissue and
invasive microorganisms. A further sugar loss was frequently
noted in factory operation, since sugar recovery was usually poorer
from stored than from fresh beets. Much of the pertinent liter-
ature on beet storage through 1950 in the United States has been
summarized in Chapter 4 of Beet Sugar Technology edited by
McGinnis (6)?. Since this time, new studies have been directed
largely towards chemical control of beet respiration by enzyme
inhibitors (10, 13, 14, 16, 19).

As a part of a program on sugar beet processing, we have
conducted several small-scale storage studies to find whether
significant chemical changes can be detected in the composition
of beets stored under good conditions—that is, with adequate
ventilation, humidification, and relatively little microbiological
contamination. Basic information is necessary prior to studies
of situations where abnormal respiratory or microbiological
activity is a factor. Respiration rates (2, 18) for determination
of sugar losses were not studied because the primary purpose
was to see whether changes could be detected in the nonsugars
of juices prepared from stored beets that might reflect changes
in beet processibility or sugar recovery as a result of storage.

The small size and lack of replication of the storage samples
used make it unwise to relate these results directly to commercial
sugar beet storage practices. The results must be considered
primarily as preliminary information for future work.

Methods and M-aterials

Beets and Storage Conditions. In early December 1956 com-
mercially grown and freshly harvested sugar beets (derived from
variety US 75) were obtained near Dixon, California. The beets
were washed at the laboratory, dip-treated with a solution of
fungicide (Orthocide W-50)?, and divided into 10 storage samples.
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All samples weighed 130 Ibs. and averaged 56 beets. Precautions
were taken to see that beets were not exposed to wilting condi-
tions.

The samples were packed in modihed steel drums with re-
movable covers -two samples per drum separated by a wire
screen divider. Alter the cover was put on, water-satuvated air
was slowly passed through each drum for the duration of the
experiment to maintain humidity and assure an adequate supply
of oxygen for respiration.

Three drums were stored outdoors in the shade and two were
stored at constant 347 F. Temperature of the outdoor beets was
measured by a thermocouple inside one of the drums and aver-
age mean daily temperature was determined [rom a strip chart
recording of the thermocouple readings. Average daily tem-
perature fluctuation [rom low to high was about 157 I'. The beets
appeared to store well under these conditions. No weight losses
were noted when the samples were removed and tissue turgor
was good. After about a month, some of the heets showed evi-
dence of sprouting and root growth. Traces of surface mold were
also present alter about a month in the outdoor series. The last
sample remaining in the cold room was redipped in {ungicide
after 3 months. None ol the samples showed appreciable rot
infection in either series.

The 1955-56 heet samples were stored similarly except that
the fungicide dip was omitted and 717 F. storage temperature
was used instead of ambient. Mold and rot damage was more
extensive than in 1956-57.

Juice Preparvation: After a definite storage period. an entire
130-1b. sample was removed from a storage drum, cut 1nto cossctics
and mixed to provide a homogenous sample. Polarization (pol)
was run on the cossettes and refractometric dry solids (RDS) on
press juice. A small countercurrent diffuser was then used to
prepare a diffusion juice (D-juice) [rom the cossettes. In addi-
tion, a “quick diffusion” (Q-juice) was made to see whether a
simpler extraction procedure could be used to provide a yepre:
sentative sample of the extractable material in the cossettes. In
this simple extraction 3 kg. of cossettes was extracted with 3
liters of initially boiling water in a water bath {70 €1y for 10
minutes with occasional stirving. The water was cavefully drained
and the process repeated with water at 707 €. These two extracts
were composited and juice samples taken for analysis. The quick
diffusion process appears to be a satisfactory means for obtaining
the readily extractable materials in beets and is useful because
of its simplicity and reproducibility.
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Q-juice, D-juice, pulp, and cossette samples were sealed in
tin cans, blast-frozen immediately and stored at —34" F. for
analysis. Juices stored In this manner showed no changes in pol
or RDS from measurements made on the fresh juices; stored pulp
and cossette samples were used for moisture determinations only.
For analysis juices were thawed, filtered and preserved with
phenyl mercuric nitrate.

In 1955-56 juice samples were made only with the Olsen
counter-current diffuser.

Chemical Analyses. Specific relerences for certain of the
analyses are as [ollows: oxalated thin juice purity (4), amino N
(15}, betaine (9), total anions (11} rafhnose (3}, pcaim (12y.
AOAC methods (1) were used for all other constituents. For
this study, analysis for a particular constituent was run on all
samples at the same time and results should be self-consistent
even if the absolute valuce Is uncertain.

Results and Discussion

In geneml, the results presented and discussed will be those
obtained in the 1956-57 scl‘ics for nearly ideal storage conditions.
These represent a reasonable appma(h to the pro ﬂcm of chemical
changes in beet and juice composition due to beet tissue metab-
olism. ‘

The information ohuained from the 1955-56 series was essen-
tially the same as that from 1956-57 but effects due to spoilage
were more pronounced.

Table I presents the 1956-57 beet data obtained from analysis
ol cossettes [rom each of the individual storage samples. Tt can
be seen that pol, RDS and pol purity tend to decrease on storage

Table 1 —Analyses of Cossettes from 1956-57 Stored Beets.

Avg. Mean Temp., Purity Sugar Loss
Days Stored °E. Pal, 9% RDS. % (Corx. for Marc) Lbs/Ton/Day

[+ 16.95 20.56 8.5

9 56.5 16.94 20,42 87.0 .02

22 52.8 16,15 19.65 86.2 0.75

29 58.0 16.20 19.93 83.¢ 0.52
42 52.7 16.07 20,15 83.6 0,40

63 52.0 16.21 19.83 85.7 0.24
90 54.3 15,54 19.51 83.5 .31

61 34.0 16.82 20,14 87.6 4,04
111 410 16.02 189,77 R5.0 0.17

187 340 [3.46 18,80 86.2 0.16
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at ambient temperature more rapidly than in a cooler environ:
ment. Although sugar is lost as shown in the Ibs./ton/day column,
the pol purities do not decrease as seriously as might be antici-
pated. The figures for sugar loss in lbs./ton/day are of the same
order of magnitude noted in other studies (2, 6, 7, 18), but it is
somewhat difficult to compare results obtained by one group ol
investigators with those of another using different beets, analy-
tical methods, and sampling procedures. In 1955-56, the sugar
losses at 34° F. were very close to those in 1956-57, and at 70° F.
ranged about 1.0 1bs./ton/day for up to 55 days ol storage.

The evident discrepancies that appear in Table 1 and the
following tables would probably be resolved in experiments
designed to provide greater replication. Although individual
values in this series may not be exact, the trends are indicative
of what might be expected.

Table 2 shows the purities of the juices prepared from the
storage samples by both extraction procedures. True purity of
raw Q-juice was calculated from chemical sucrose (corrected for
raffinose) and oven dry solids. In general, the juice purity de-
creases with increasing storage time but the oxalated thin juice
purities indicate that a thin juice well within the normal work-
able range could be obtained from any of these beet samples.
The downward trend in the purity figures indicate that a some-
what decreased sugar recovery would “be expected as a result of
prolonged storage of beets.

Table 2.—Purity Analyses of Diffusion Juices [vom 1956-57 Stored Beets.

Q-Juice D-Juice
Avg. Mean = —_— e i
Days Stored Temp Raw! Raw® Thin Juice® Raw? Thin Juice*
0 95.3 92.3 93.1 90.3 - 92.2
9 56.5 06.5 90.4 93.1 91.3 95.1
22 52.8 94.3 90.5 92.4 89.2 a1.4
29 53.0 Y2.6 0.9 91.9 B0.7 91.5
42 52.7 92.3 90.5 91.3 88.8 90.5
63 52.0 93.9 89.7 91.3 88.5 91.2
90 54.5 88.1 87.7 87.7 86.2 #7.2
Gl 34.0 93.9 91.2 93.1 90.5 52.9
111 34.0 91.4 90.7 92.9 90.0 91.5
187 34.0 874 87.8 80.9 89.3 59.3

1 True purity.
* Apparent pol purity.



Table 3.—Chemical Analyses of -Juice of the 1986-57 Stored Beers'.
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L 93.8 0.5 984 0.80 U.57 0.09 0.46 1.51 814
G 56.5 97.2 0.6 96.5 (.68 0.20 .06 0.04 1.25 2.87
28 52.8 95.1 0.6 945 0.72 0.34 0.08 0.05 1.39 3.05
29 53.0 987 0.9 92.6 0.75 0.33 0.07 0,08 1.52 2.96
12 52,7 94.1 1.0, Q2.4 0.82 0.37 0.07 .08 1.59 5.58
63 520 95.4 1.4 03.9 0.7 .51 0.08 G.05 1.32 2.81
Gl 54.5 958 5.8 88.1 0.75 0.36 0.09 G.05 1.5% ER S
61 340 94.9 0.6 939 0.67 .28 0.07 0.05 148 5.00
IRN 4.0 987 2.1 1.4 0.76 0.5¢ 0,08 0.05 1.3 8.17
187 34.0 94.6 6.8 87.4 0.58 0.23 0.06 .04 1.46 3.1

Ash

Rl
2,84
2.40
2.34
2.62
2.58

2.83

! Caleulated as weight 92 of oven dry solids.
2 Corrected for raffinose,
¥ Calculated for average equivalent weight of 60.
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Table 3 shows the chemical analysis of Q-juice samiples, cal-
culated as weight-percent of total solids for particular con-
stituents. The intevpretation or significance of these daia is not
unequivocal because of the single sample variability of beets and
possible analytical uncertainties. The most obvious change occurs
i the reducing sugar-sucrose relavionship (17) with reducing
sugar accumulating at the expense of sucrose. The increase in
reducing sugar scems to result from a normal metabolic change
in healthy tissue aud 1s not associated only with spoilage. Note
that the total sugar percentage stays veasonably constant.  The
other analyses presented show no other clear-cut, unambiguous
wend. These analyses represent juice constitients only, and no
material balance has been made between pulp and }m(c, as for
example with ash or total N, which should yremain constant. From
the slight tendency for total N, aminoe-N, and amide-N in julce
to detleasc on storage, it 1s possible that some nitrogen has been
incorporated into non-diffusible proteinaceous cell wall material
as storvage proceeds. DBetaine appears to remain faivly constant,
The total anions do not seem to accumulate to any extent since
many of them arc active metabelic intermediates. Treamment
of the data by taking ratios between constituents does not im-
prove or clarify the interpretation ol these results. The analytical
data indicate that, apart {rom the rCdm‘ing‘ sugar-sucrose change,
little change in chemical composition of juices [rom these stored
beets was apparent. However, the increase in reducing sugar
would presamably increase lime-salt and color formation during
processing.

Table t.—Accomuiation of Raffinose in Beuts Held at Low Temperature, D-Juice, 1956-57.

Days Stored Avg. Mean Temp. °F, Raftinese’

G 15

G 56.5 148
22 52.8 .29
20 53.0 15
42 5.7 21
a5 32.0 22
G 54.5 19
61 34.0 56
111 54.0 4l
187 34.0 48

s Calenlated as weight % on RDS,



212 Jourzar or T AN S BT

Table 4 shows raffinose data on D-juice from stored heets.
Note that the level of rvaflinose increased approximately 3-fold
in beets stored at near-lreering temperatures over beets whose
average 1uean storage temperature was about 207 T, higher.
Obviously, accumulaton of rafinose would have an adverse effect
on sugar recovery from bects stored in cold areas, provided this
change had not already taken place by the time of harvest. Pre-
vious workers have noticed with field beets that rafhnose increases
significantly when harvest is del ayed i the mean minimum is
near 347 I or below (8), The 4 1arp temperature dependence
discovered in the present study and its \IUl}lﬁ(dll(e should be
studied Turther.

Fable 5 shows that nov-dialyzable  juice-colloids  did not
change significantly in flteved ¢ larified juices from bects not ex-
posed to serious nncr(;b:ologm.il attack. The juice samples used
for these determinations werce frozen, thawed and liltered belore
dialysis. These analyses show that no serious diffevences in rates
ol sedimentation or filtration of first-carbonation muds should
be obscrved because of soluble colloids.

Table 5.~Analysex Showing the Amounts and Pardal Composition of Diffusion Juice
Colloids, 1955-56,

Avg. Mean
Drays Stored Temp. °F. Total Colloidy Proteint-? Peuting' #
O . 140 0.21 0.49
13 [414] 1.45 0.1 .44
23 5] .48 0.7 .42
4 69 134 024 .43
07 34 1.66 0.26 4,46
161 | 1.57 0.2¢ 0.52

Pateulated as weight 90 on oven dry solids,
2 Calculated as total N oy 68.25.

# Caleulated as anhydrouwronic acid,

Conclusions and Summary

The results of this preliminary work point up the need lor
thorough, carefully designed and veplicated studies of beet stor-
age problems, particularly in rvegard to processing quality ol the
;uicc’s obtained {rom bheets that }m\ e not been severely damaged.

he present data indicate that beet and juice qmlnv need not
deteumate seriously during prolonged storage, even though
sucrose losses do occur. Although a cold storage enviromment is
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favorable from the standpoint of control of beet metabolism and
microorganisms, it appears to promote an undesirable accumula-
tion of raffinose.
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