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The pract ice of' freezing sugar hee t pulp and analyzing it 
later for sucrose content has fac ilita ted greatly the harvesting 
of sugar beet plants in ph ys iologica l studies. Cormany ( 2 ) ~ 
observed little to no change between fresh and frozen pulp stored 
in metal and paper containers for a period of 1'2 weeks at - 15° 
F. and Price and Fife (3) found the same to be tru e for pulp 
stored in glass containers for 15 months at _ 5° to + 8° F. In 
the prese nt study th eir techniques have been modified to elim
inate the mixing and weighing of lrozen pulp, polyethylen e 
bags were substituted for bulky m etal and paper containers and 
dry ice was used for quick freez ing. A relatively broad base for 
the tcst was provided by storing pulp ranging in Sllcrose con
centratiun from 8.6 to 16.0% . vVithin these limits th e storage 
of pulp at _ '2 0 F. for periods of 0, 3.5 , 9, 12, 25 and .q2 months 
had no significant effect upon the sucrose content of the frozen 
pulp samples. These results <lnd their statistica l evaillation are 
presen ted in th is paper. 

Methods and Procedures 
The pulp sa mpl es for this study were obtained from the 

storage roots of sugar beet plants of th e US 75 variety that had 
been gTown outdoors in a uniformity trial as single beets per 
5-gallon pot filled with vermiculite. The plants were watered 
daily with modified Y2 strength Hoagland·s solution (5) through
out th e growing period from May 18 to October 26 , 191)4. At 
the time of harvest the bee t roo ts were wash ed free of vermiculite , 
dried with a towel and a V-shaped wedge rcmoved frOl~1 the 
roots by means of a Kiel rasp. Th e pulp FrOI1l an incli\"idual bee t 
root was mixed thoroughly with a spatula and two 26.0 gram 
samples were weighed for analysis. Each 26.0 gm sample was 
placed immediately into a 4" X 2" X 4" polyethylene bag of 
1.5 mil thickness, sealed with a heat sealer and frozen immedi
a tely by placing the sealed bag in direc t contact with dry ice. 
After th e samples werc quick frozen , th ey were placed into a 
deep freeze cabinet maintai ned at _ 2° F . for storag-e. Sucrose 
was determined by th orOl1Q;h Iy mixing· and digesting the frozen 
pulp s<lInple wilh 171).1 ml of basic lead acetate for thirty min
utes in a covered metal be'aker set into a hot water bath at 80° C. 

1 Plant Physiologis t and Principal Laboratory T ech nician , respecLi vcb', DC9arLm en t of 
Soil s and Plant N utrition . Universit y of Cal iforni a , Berkeley 4, Cali forni a. 

2 N umbers in parentheses re fer to li teratnre ci ted. 
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'\k.lll O,U20 I),OON I),o-)li o. I)'07(i ,0.0"'1 
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01 25 pairs of samples are reported in Table 3. The regression 
of sucrose observed for th e 32-month storage period relative to 
the original values is give n in Figure 1 while the SllcrOse changes 
in relation to storage time arc presented graphically in Figure 2. 

T3ble 2.-Analysis of Va"ianee of Sllo-ose Oilfe rellces (X, - X , ) 

Sou rce of 
Variation 

DegTces of 
Freedom 

Sum of 
Squares 

j\'(ean 

Square 1 

Obscn'cd 
F 5% 

Required 
F 

Total 11') 9.7197 

TI~ O.17~ 1 0.0956 1.49 '2.21 3.M 

Error 144 9.2416 0.0642 

1 The mean sq uare for e rror is Ihe puu 'cd erro r var ia nce:: o f th e difrerences between (he filial 
and injlial va l lieS presenl ed in ' ( ablt...: I all:! is equ ivalenl to SI) 2( 4). 
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Figure I.-Regression of initial and final sucrose percent. 

Discussion of Results 
The differences betwet'n the fl.nal and initial analyses for 

the storage periods of 3.5 to ;)2 months, recorded in Table I . 
are in reality the combined effects of sampling and analytical 
variation (wi thin a pair of duplicate samples) and the effect of 
storage tim(" on the Sllcrose content of the pulp. An inspection 
of these differences for each storage period reveals that the values 
are relatively constant and differ very littl e from the results of 
the initial storage period at time "zero." At zero time the differ
ences are primarily due to sampling and analytical variation 
and not due to time of storage. The relative const.ancy of these 
differences for all storage periods indicates th at there is no 
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Table 3.-Summary of RC>l,its 

Z 
9 

Storage 
Tilnein 
Months 

Sucrose 
Range 

Between 
Pairs 

% 

Mean 
Sucrose 

Final 

% 
Initial 

% 

~lean 

Difference 
X, ·X. 

Regression 
Equations 

Correla tion 
Coefficient 

Standard 
Deviation 

s' 

Coefficient 
of 

Variation 

% 

>
"=i 
;0 

r 
'-D 
0> 
0 

0 11.1·16.0 I ~.43 13.4 1 + 0.02 X,=0.06+ 1.006X, 0.99 0.12 0.88 

3!;2 10.6-15.9 1 J . II 13. 18 -0_01 X3= 0.17 + 0.988X. 0.98 0.19 1.43 

9 11.5 -15.7 J;).60 13.66 -0.06 X. = 0.34 + 0.971X, 099 0.10 0. 73 

12 11.5· 14.5 1:).20 13.32 -0.1 3 X -=o O.84 + 0.928X , 0.88 0.28 2. 11 

25 10.4-16.0 1:).49 13_57 -0.08 X,,=0.3 1+ 0.97IXl 097 0.20 1.46 

32 8.6· 15.6 13.33 13.32 + 0.01 X; = O.27 + 0.98 IX. 099 0.13 0.96 

All 
val ues 8.6-]6.0 13.g7 13.41 -0.04 X , = O.25 + 0.978X , 0.9S O.IS 1.34 

lS is th e standard dev iat ion o[ a ~ing' l c d~terl11i ll m i on ca lculated from the initi a l and final Sllcrose values o( the pulp sil mpJes (4). 2s2= SD2 of Tah\(; 2. (4), 

....' 
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Figure 2.-Effect of storage 011 sucrose percentage of sugar beet pulp. 
The upper and lower limits of the 95% and 99% confi·d ence limits for the 
mean differences from Table I are indicated for each storage period. The 
horizonta l do ned lines a re the overall 99% confidence limit aboul mean O. 

appreciable loss in sucrose by enzyma tic hydrolysi s nor an appre
ciable gain in sucrose from th e hydrolysis of polysaccharides nor 
an apparent ga in in sucrose from a loss 01: moisture during stor
age. Apparen tly the variations noted between the final and 
initial ana lyses for a ll storage periods are those due to random 
variations that a re associated with minor differences in technique 
and not to storage time. An analysis of variance of the differ
ences for the six storage periods supports this hypothesis (Table 
2) . The F-value for th e storage periods given in Table 2 is non
significant and this fact indicates that the differences between th e 
final and initial analyses for all storage periods (Table I ) are 
the same, i.e. , the differe nces were drawn from a single un,iform 
popula ti on of differences. 

The correlation coefficients (r) for the six storage periods 
indica te that the degree of correla tion between the initial and 
final sucrose determinations fo r the pulp samples is very good 
indeed (T able 3). In a ll instances the coefficients exceeded 0.90 
except for the 12-month period. The d eCl'ease in correlation 
coefficient to 0.88 ,for the 12-month period indicates that either 
the time of storage has begun to affect some of the samples more 
th an others or that a difference in technique affec ted the results 
or that the readings were in error. The two la tter possibilities 
are most likel y th e cause of the decl ine in the correla tion co
effi cient for th e 12-month period, since the values for su bsequent 
periods are again high (Ta ble 3) and th e d ifferences between 
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Lhe filial and illitial sucrose \<llnes I) do increase. II 
is to be Hoted too that the decline Jl1 the COl H:lalion codlicient 
lor the lL'-mollth is mainly assonaled with two 

- 1.1 \lllicl1 are ext iOllally large not 
rhe I ~-Ill()nt.h pcnod IlIlt for all ot ~lOrag(' periods 

as \\ell. In retr()Specl all inadequate mixing of rhe pulp prior 
to sampling appears 10 have beell the most likel cause [01 these 

ditlerenccs. '\Iccilalllcal mixillg of Ihe pulp samplillg 
a \igorolls 01 Ihe slurry priur to filtratioll are !lOW 

slressed in the un: for determining sucrose in beel pulp 

'1'1 (oellicienls lor thc final and initial SlilTOSe 

n)JlcenuatioIls for all SI onc 
for the J 2-molllh of 
fahlt' TIllS large decrease ill tile If'gTcssioll 

is again associated \Ynh the tm) largc differences +1.1 
and 0.9 (Table I). 'r'he lincling that the ,lopes arc approxi
lllately one indicate, lilal the differellces due to t('dlll' lie and 
ill storage llllle arc reI ivcl (ollslallt over a range H.l; to 
Ili.O for a of g~ mOllt Ils I). The 

(( wflic iCIl IS 

or varialion are ;tl~o lor lhe 12'lIlollth 
where again the t\\'o 01 1.1 alld(Ul 

Ilne<[scd these values 

rile differences lor each period have bccn an:raged 
and ploued ahoLlt an assurned mean of zcro and this is indicated 

tile solid horizontal Jille ill re 2. If a nurmal distriiJutioll 
mcans is assumed. then the limits call he calculated as 

o 2.58 U<I I 111 til is Ilistance' to 0 0.1 

wIll'll'l\ the root 01 fl.0642, alJle 2) 

and 2.58 These I 0.1.')1 art' indicated as 
a dotted lille. \Vhenc\'c! the means lor allY p:lrticu];n lie 
\\'uhin the~e limits, it is concluded that Ihere i.~ llO 

dICe! or time 011 the percent sucrose content ()f the 
al the I Ieve] or significance. 1 examIlllt1g re 
is evidellt lilat there is SOllle trom the assumed lIiean 
at all storage periods and lhat the devIatioll of 0.1 
IS for the 12-111011tl1 fhis de\ial iOll, a, well as t lC 

ULllcr~. is !lot ilitalll at the I !c\'cl and thus. liw ([ni:1 
liuns from the as:,ullled lIIcan of zelO lllay be atlrilmted to the 
\an;1 ill sampling and anal and not to lime ot stOT<lgl'. 
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Summary 

Proced ures for storing sligar beet pulp samples prior to 
sucrose analysis and for evaluating the results statistically have 
been developed. Fresh bee t pulp samples weighing' ~(i.O grams 
each were sealed in small polyethylene bags, frozen immed iate ly 
and kept in storage at _ 2° F for periods up to :~2 months. A 
statistica l study of the differences between the final and initial 
values indicated that the length of storage had no significant 
effect on the sucrose content of the pulp. Mechanical mixing 
of the pulp before sampling and a vigorous stirring of the slurry 
before f-i.ltration are recommended as added steps in the procedure 
for determining Sllcrose in beet pulp samples. 
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