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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 (6y Since this time, new studies have been directed 
largely towards chemical control of beet respiration hy enzyme 
inhibitors (10, 13, 14, 16, 19). 

As a part of a progTam 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 Materials 

Beets and Storage Conditions. In early December 1956 com­
mercially gTown 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) 3, and divided into 10 storage samples. 
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weighed I;)() Ills. and a\eragcd :~J6 beets. 
to see that hvets \u::re not exposed to 

tions. 

The samples were in Illodified steel drums with le­
movable covers --two drulll a ,nrc 
screen divider. After the was pm on, halel-saturated air 

each drum lor the duration of tile 
ty and as"ure an uate 

of oxygen 

Three drullls were stored outdoors in the shade and two \ITre 
stored at constant ;)4 C F. of the· outdoor beets ,las 
measured by it thermocouple inside one or lite drums aud aver-

daily was determined lmm a stli cllart 
readings. tem­

[rom low to higb was ahollt beets 
to store well under these conditiolls. 

were noted when the were removed and tissue 
was After about a some of lhe showed evi­
dence of sprcul ing and rom Traces of slIrlace mold were 
also present alter about a month in the outd(Jor ~ene~. rite last 
sample remaining in the cold room was in fungicide 
after :l months. :\Ol1e of the samples appreciable lol 
infection in either 

'The ID:J[)-.')() heet were stored 
\\-as and 71« F. 

of ambient_ \[old and 
extensive than m 956-:)7, 

: ,'ftn a definite an entire 
was removed Irolll a stnrag-e 

and mixed to prm ide 
was run on the solid;,. ( 
press JUlCe. A small countercurrent diffuser was then used to 
prepare a diffusion (D-juice) from tile cossettes. III addi­
tion, a "quick cliJfusion" (Q-jllice) vIas maclc to see ",helher a 
simpler extraction COliid be used to provide a lepre, 
sentative sample the extractable material in the cossetLes. In 
this extraction of cossettes was extracted with 
liters of I water in a water hath (:,) for 10 

The "',Her 

111 ea JJ s for 
materials in heets and is llscrlli because 

and reproducihility, 
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Q-j D-j uice. pulp, and cossette sam pies were sealed in 
till cans, hlast-frozen immediately and stored at -34 F. for 

Juices stored in this manner showed no in pol 
[rom measurements made on the fresh stored pulp 

and cossette samples were used [or moisture determinations only. 
juices ,,'ere thawed, filtered and with 

nitrate. 
[n 1955-56 juice samples were made only 'with the Olsen 

counter-current diffuser. 

Chemical A rderences for certain of the 
thin juice purilY (4), amino :'\ 

allIOns II) raHlnose (:~), (I 
) were for all other For 

anal for a particular constituent was run on all 
al the same and results should be self-consistent 

even if the absolute value is uncertain. 

Results and Discussion 

olism. 

and discussed will be those 
ideal storage conditions. 

to the of chemical 
beet tissue metah-

The information Dbtained from the 195':;-56 series was essen­
the 1>:tl11e as that from 1956-:')7 hllt effects due to spoilage 

~were more 

Tahle I 
each of the individual 
RDS and pol 

the 1950-.)7 beet dala obtained from analvsis 
of cossettes samples. It :';{n 
be seen that tend to decrease on storage 

Table I.-Analyse. of Cossettes [rom 1956·57 Stored Beets. 

Ayg', Mean Temp., Purity Sugar Loss 
Days Stored "P. Pol. RDS. % (COfl'. for Marc) Lhs/Ton/Da)' 

I) IG,95 20,56 8G.;y 

9 56.5 16.0-1 ~O.42 !l7.() ().O2 

22 52.8 Hi.13 19.(i5 0.73 

29 53.0 J(j.21J 19.93 85,~ O,,?~ 

42 52.7 !fL07 20,15 83.6 0.'10 
(jJ ~2.0 Hl.21 19.83 85.7 0,21 

90 SUi 19.51 83.5 n.31 

51 31,0 87.f; 0,0·1 

111 31.11 ]6,02 1~.i7 1l5.0 0.17 

187 3·LO 18,80 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 lbs../ 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 of 
investigators with those of another using difterent 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 lbs. / ton/ day for up to 55 days of storage. 

The evident discrepancies that appear in .Table I and the 
following tables would probably be resolved in experiments 
designed to provide greater replica tion. Altho ugh 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 cbemical sucrose (corrected for 
raffinose) and oven dry solids. In general , the juice purity de­
creases with increasing storage time but the oxalated tbin juice 
purities indica te that a thin juice well within the normal work­
able range could be obtained from any of these beet samples. 
The downward trend in th e purity figures indicate th at a some­
what decreased sugar recovery would be expected as a result of 
prolonged storage of beets. 

Table 2.-Purity Analyses of DilIusion Juices from 1956-57 Stored Beets. 
:. 

Q-Juice D-Juice 
A\'g. Mea n 

D a ys Stored Temp. Raw! Raw 2 Thin Juice' Raw 2 Thin Juice' 

0 93.3 9!?3 93. 1 90.3 92.2 

9 56.5 ~6.5 90.·1 93. 1 9 1. 3 95. 1 

22 52.8 94.3 90.5 92.4 89.2 9 1.4 

29 53.0 Y2.6 YO.9 91.9 89.7 91.5 

42 52. 7 92.3 90.5 91.3 88.3 90.5 

63 52.0 93.9 89.7 91.3 88.5 91.2 

90 54.5 88. J 87.7 87.7 86.2 87.2 

()J 34.0 93 .9 9 1. 2 93. 1 90.5 92.9 

III 34.0 91.4 90.7 92.9 90.0 91.5 

187 34.0 87.4 87 .8 89.9 89. 3 89.3 

1 True purity. 

2 Apparent pol purity. 
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'l;) 
I: ~" ~t:;.. 

.... "'"' c.. ;; ~ .5"" 1~ ~ ~1 % ~ ?: ?: " 
..... ~ I~~ " ..-: S " ~ §v eo:: - :: _0 " 

~, '"' .... .Ei !:!' S I:: 5% .::" "" '" 'iiI~~ 0. " aJ:;5 '"' \.i 0 I: ·s ::: .§ 
Q \.i" ~ f-.~ ~ 6~ f-! .:: ~ ..:;: ~ .;: ~ 

0 0.3 934 0.'l7 L,j 

50.5 O.D 0.29 0.04 1.21 
52.8 0.6 0.34 0.08 0.0') 3.05 

53.0 09 'lVi 0.7;") 007 0.08 2.96 

91.1 1.0. 0.82 (UII 0.1111 

954 072 O.IJ8 OJ)5 2.:13 

911 9H 5.6 88.1 0.75 (I.OCi 1.52 2.8:\ 

61 31.0 0.6 93.9 0.67 0.28 0.05 l.·IS 

2.1 !JIA 0.76 0.05 J.:t'3 fL 17 
94.6 87.4 0.58 (l.(}6 lAG oil 

o.,. 

Calculated as o( oycn dry 
., 

:; Corrected £01 

'{ r:akulatcd for ;ncrag:e equIvalent \v(:iglll of GO. 

r.J 

>­
(/J 

yo 
>-< 
"'" 
,...J 



accumulating at 

the total sugar 

\01.. XI. 1\0. ;;. OCTOBER 10liO :.'11 

Table silml's the chemical analysis or Q-juice samples, 
of total solids lor particular can­

sti tuents. or of t bese data not 
unequivocal became of the single variability of heets and 
possible 1I1HertaintLes. The most obvious 
in the sugar-sucrose relationship ( ) with 

the or sucrose. rile increase in 
seems normal metabolic 

and is not associated only with :\otc 
constant. The 

other- presen ted II na m IJiguous 
trend. These anal t tIice constitllcnts , and no 
material balance ha~ been made pul p and j as for 
example with ash or total :\, which should remain constant. From 
the slight for total \:. alniI1O-:\. and amide-\: ill uice 
to decrease on it is possihle that some nitrogen has 
incorporated il1lo non-diffusible cell wall material 
as constant, 
The total anions do not seem to accumulate to any extent since 

of them are active metab(llic intermediates. Treatment 
data by ratios between constituents does not im­

or dariEy or these results, The analytical 
indicate t'hat, rom the sngar-sucrose 

little chemical frorn these stored 
in redwing sugar 

increase lillie-salt and color formation during 

Da)s Stored Raffinose l 

\) .13 

9 .W 

2U 15 

21 

520 

90 54,5 .19 

61 ,it.O .56 

!II 

Calculated as \\'eight on RUS, i 
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'Table 4 slum's raffinose clata on from slOred heets. 
~ote that the level :)·fold 
III beets stored over whose 
average lllean ,vas about ZO 
Obviously. would have an adverse elfect 
on sugar heets stored ill cold areas. this 
change had (he tillle of 
vious workers have lbat mcreases 

hcan when 
near 31 . or below 
discovered in the 
studied further. 

loids did nol 
change frolll beets lIot ex­
posed to serious juice used 
for these determinations and filtered hdorc 

These shml' that no serlOIlS differences in rates 
of sedimentation or {il nation or muds shOll lei 
be observed because or soluble colloids. 

Table 5,~Analyscs ~h(n,'ing< lhe :\mnunl~ and Partial COfllposition of Uiffusion Jui(·c 
Colloids, 1955-56. 

A'g..'lean 
Dil}' Stored Temp. 'F. Total CuUoid;-;) Pectins i ,:1 

lAU 

161 1.37 

Caludattd ou O\'cn dry \olids. 

, Calcul" tcd 0.25. 

ulat<:d as <lnllydroul'oniL Zlrid, 

Conclusions and 

The resulls of this preliminary 
thorough, card designed and 
age problems. particularly in 

. obtained from beets that 

seriously 
sucrose losses do occur. 

O.:!l 

o.:n 
UI; 

O.'lG 

0,32 

ur the need lor 
studies or beet stOl­

o{ the 
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favorable From the standpoint of control of beet metabolism af!d 
microorgan isms, it appea rs to promote an undesirabl e accumula­
tion of raffinose. 
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