
Effects of Storage on Raffinose Content of Sugar 

Beets' I. Varietal Changes Occurring 


During Storage 

R. E. FINKN ER, M. D. FINK NER AND R. F. OLSON! 

Raffinose is one of the many uovvanted melassigenic substances, 
commonly called impurities, which interferes in the recovery 
and refining of sucrose. It is a dextrorotatory, trisaccharide com
pound with the chemical make up of C, 8H ,2 0,6.5H20 and has 
very little commercial value. Like sucrose, it is precipitated by 
lime in the saccharate process and is mostly retained in the syrups 
because of continued recycling of the juices in the sugar factory. 
Zitkowski (9, 10. 11)2 recognized the troublesome characteristics 
of raffinose and published methods of isolating it from beet sugar 
products. He used artificial mixtures of sucrose and raffinose and 
demonstrated by photomicrographs that small quantities of raffi
nose could interfere 'with the size and shape of the sucrose crystal. 
This is of importance to the beet sugar manufacturer whose aim 
it is to produce crystals as uniform as possible. 

Breeding of sug'ar beets for low raffinose content was made 
possible bv the development of the paper chromatography method 
of determination as described by Brown (2) anc! Serra and 
Brown (6). With this new technique it was possible to determine 
the raffinose content of individual beets very rapidly. Brown 
and 'Wood (3) also demonstrated that varieties differed in their 
raffinose content when grawn under the same conditions and 
concluded that these differences were due to the ?enotype of the 
varieties. They also reported that the raffinose content of the 
same variety could vary from location to location, and that some 
increase in raffinose content was noticed during; storaQ'e. Fink
ner and Bauserman (5) reported an approximate 30 percent 
increase in raffinose content -from the same varieties ~vhich were 
harvested three weeks later in a date of harvest test. ProQ'env per
formance of roots wh ich were selected from the same population 
for hiQ'h and low raffinose content h;we been reported by 'Vood 
(7) and Finkner and Bauserman (51. Both papers concluded 
that the raffinose content of beets could be significantly increased 
or decreased bv mass selection. 'Vood et al (8) studied the in
heritance of raffinose production in sugar beets and reported the 
number of effective factor pairs for production of raffinose be
tween the two parents used was about five and at least one is 
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non-isodirectional and all are equal in magnitude. In the crosses 
studied, neither dominance, heterosis, nor linkage appeared to 
he involved. Quantitatively, the factors for raffincse production 
in the two parents followed an arithmetic scale and consequentlv 
were additive. Correlation coefficients between raffinose and a 
number of other chemical characteristics of sugar beets have 
been calculated by several investigators (I) (4) (5). Most of 
them have reported a negative association of raffinose with suc
rose percent, indicating some gain in sucrose should be made 
as raffinose is reduced by breeding methods. This also would be 
helpful from the processors standpoint. 

The objectives of the present investigation wen;: To deter
mine if raffinose content increased in topped beets during stor
age; to ascertain if all varieties would react similarly during stor
age, regardless of thei.r original raffinose content. 

Materials and Methods 
The roots used in th is storage study were ta ken from the 

border rows of the 1955 Chemical tests wh ich have been reported 
by Finkner and Bauserman (5). The investigation was designed 
to have four varieties, four replications and four storage periods 
in a ' split plot design. Three of the four varieties used were 
selections from an elite stock of American No.1. Strain 54-407 
was the result of a random selection of mother beets from Ameri
can No.1, while 54-410 and 54-411 were selected for high and 
low raffinose content respectively from the same parental variety. 
The fourth variety was American No.2 which is the commercial 
variety grown in the Rocky Ford, Colorado, area. 

The original Chemical Test (5) had ei~'ht replications but 
beets from replications 1 and 2; 3 and 4; 5 and 6; 7 and 8, were 
bulked together to form the four replications of this storage test. 
A total of 35 beets of each variety in each of the four replications 
were topped and stored in the Rocky Ford root cellar on October 
~4, 1955. Seven · beets of each variety within each repli(~ati on 

were selected at random and stored together in crates, or a total 
of: 28 beets per crate. The 16 crates, one crate per each replica' 
tion and for four different storage dates, were randomized and 
stacked in th e root cellar at a - temperature of approximately 4 
degTees Centigrade_ This tempera ture varied from 2 to 6 degrees 
throughout the storage periods. The remaininQ,' heets , seven 
roots of .each of the four varieties of each replication, were bulked 
together in large onion sacks and all four sacks, each containing 
a single replication , were buried in the storaQ'c pile at Manzanola , 
Colorado, on the evening of Octoher 25 , 1955. 

After three weeks the beet samples in the storage pile were 
analyzed and compared wit.h samples stored three weeks in th e 
root cellar. Beet samples stored in the root cellar were analyzed 
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at 3 week intervals. The non-stored check was in storage one 
day while the experiment was being se t up. 

Each beet in the root cellar was sampled twice by rasping 
and two determinations made on each pulp sample, making a 
total of four readings for every beet in storage. The raffinose 
content was determined by the paper chromatographic method 
and is reported as percent on dry su bstance. 

Results and Discussion 
On October 24 all beets for tbe storage test were harvested 

and kept in the root cellar at Rocky Ford, Colorado. The next 
day all roots were crated and stored according to the random 
design, and one set of beets was buried in the beet storage pil e 
at Manzanola , Colorado. The fi,rst group was rasped on October 
26th and it was considered as the non-treated or non-stored group 
as it was in the root cellar for only one day. 

Three weeks later the group of roots stored in the Manzanola 
storage pile was taken out of th e pile and sampled . During the 
process of removing these beets th e drag-line tore open one sack 
and all the beets from the first repl ication were lost. The same 
day, November 15th , a similar g roup of r oots was removed from 
the root cellar at Rocky Ford and they also were sampled. 

These two grou ps of beets were analyzed in a split plot de
sign with three replications and th e analysis of variance is given 
in Table 1. 

Table I.-Analysis of Variance o( Four Varieti es and Two Differcnt Types of Storage. 

Sourcc of Variation D.F. M.S. F . Value 

I 
Tota l 071 

Replica tions 2 .3237 

Varieties 1.5624 10.761 

Error A ( Rep. x Var.) Ii .1450 

Storage .1357 0.41 

Variety x Storage .2996 0 .91 
[ 

Error B 8 .3307 

Beets within plots 1H .0650 

Rasp ing from same beet 16H .0141 

Determi nJ. lions 336 .0113 

1 Significant at the on e percent level. 

No significant differences were detected for raffinose content 
between the roots stored in a commercial storage pile and the 
roots stored in the root cellar. Therefore, either pl ace Gould be 
used for testing different varieties and consecutive storage periods. 
This experiment was designed to utilize the root cellar. 

The means of the four varieties under both types of storage 
conditions and the genera l means of each storage type are shown 
in Table 2. 

r 
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High ly significant differences were detected for varieties. This 
was expected since selection pressu re was applied in opposite 
directions in two of the varieties for raffinose content. It also 
had been shown previously by progeny tests (5) that selections 
54-410 and 54-4 11 contained signifiGntly different amounts of 
raffinose. 

The two remaining se ts of beets in the root cellar were rasped 
on December 7 and December 28. The four variety means and 
the storage means are shown in Table 3 and Figure 1. These 
means are from four replications while the means in Table 2 
are from on ly three replications. 

Tahle 2.-\'aril't)' a nd SLOrage J\'l ca ns for Rl!ffinose as Percent on DI-Y Substance. 

Storages 

Varieties Root Cellar Storage Pile Variety Means 

American No.2 .504 .377 .44 1 

5'1-4 10 .617 .547 .582 

54·407 .389 .426 .'108 

5'1-111 .334 .~~o .357 

Storage I\'leans .461 .433 
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figure I.-The reaction of four varieries in storage and the general mean. 
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Table 3.-Variety and Storage Period Means for Raffinose as Percent on Dry Substance. 


Storage Period in Weeks 

Variety 0 6 9 Variety Mean~ 

.-\ merican 

5·1-410 

54·407 

54·411 

:-.lo. 2 .3 12 

350 

.255 

.205 

.320 

.608 

.~87 

.338 

.:-)Oi 

.G43 

.492 

.164 

.529 

:;73 

0-155 

.448 

.41i7 

.59·1 

.397 

.361 

Storage :VleaHs .281 .463 .526 .551 

Each variety mean at each storage period ,vas the result of 
rasping seven beets from each replication twice, and running 
twO determinations on each pulp sample from each rasping. 
Therefore a total of 112 raffinose determinations were made lO 

estimate the mean of a single variety for anyone storage period. 
The storage means for each period were estimated by llsing these 
448 raffinose determinations. The analysis of variance of these 
four varieties and the [our storage periods are shown in Table 4. 

T able 4.-Analysis of Variance of Four Varielics and Four Storage Periods . 

Sources of Variation D.F . M.S. F. Vallie 

To tal 

H.epl icat ions 

Va riet ies 

E rror A ( Rep. x Var 

Storage 

Variet ies x Storage 

Error B 

Beels "ilhin plots 

Raspin g from same bec( 

Dctcrmjnalions 

1791 

;l 

3 

9 

3 

9 
36 

384 

448 

896 

.8649 

4. 6281 

.2872 

6.7044 

.28 12 

.1082 

.1156 

.0347 

.0149 

ID.II' 

61.96 ' 

2.60 1 

I Significant at the five percent level. 

2 Sigl1ificanl at the one percenl level. 

Highly significant differences were detected for both storage 
periods and varieties, and a significant variety by storage period 
interaction was encountered . As shown in Table 3 and Figure 
I there was a very definite increase in raffinose content of all 
va rieties tested. The varieties were not, however, responding 
entirely consistently throughout the storage periods. All varieties 
showed a significant increase during the first three weeks in stor· 
age. After that American No. 2 leveled off and remained con
stant. The high raffinose selection, 54-410, made a slight hut 
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non significant increase in raffinose content during the third to 
the sixth week of storage. Selec tions 54-407 and 54-411 both 
made a significant increase in raffinose content during the same 
period. From the sixth to the ninth week only 54-410 made a 
significant increase in raffinose while 54-407 and 54-411 showed 
a slight (not significant) decrease. Although some of th ese se
lections showed only a slight variation from one storage period 
to the next the combined effect of the inconsistent responses was 
great enough to make a significant (P = .05) interaction. The 
interaction effect was, however, very small as compared to the 
effect of the varieties or storage periods. 

The percent increase ot raffinose of the two ex treme varieties, 
54-410 and 54-411, the high and the low raffinose selections re
spectively, was approximately the same. Selection 54--410 showed 
an increase of 121.2 percent over the non--stored beets while 
54-411 showed a 119.1 percent increase. American No.2 had 
the lowest percentage increase of 69.7 perce nt and 54-407 was 
very similar with a percent increase of 78.7 percent. 

In selecting beets for low raffinose content the plant breeder 
would obtain a grea ter spread in his material if he would store 
the roots for several weeks before they were sampled. Al though 
the increase of raffinose content may be approximately equal on 
a percentage basis, this additional spread will make the selection 
of low raffinose beets easier and more accurate. 

The curve shown in Figure I , based on th e means for each 
storage period, resembles a portion of a sigmoid curve. It shows 
a very rapid increase in raffinose accumulation during th e early 
part of storage and then levels off which is typical for a wide 
variety of growth phenomena . Oftentimes, these response curves 
can be adequately approximated, within the limits under in
vestigation, by a simple pol ynomial. Since the observatiof!s dur
ing storage were taken at equally spaced intervals the response 
can be easily characterized by the use of orthogonal polynominals. 
.\. linear response was first tested and was found to be significant 
but the deviations from linearity also were significant. The quad
ratic component was found to be significant and deviations. from 
the quadratic were non significant. Therefore, this response 
curve within the limits of interest can be satisfactorily approxi
mated by a second degree polynomial indicating that the rate 
of rafflnose accumulation decreased as the beets remain in storage. 

The fact that the raffinose content of topped beets in storage 
increased indica ted that this phenomena is probably tied up 
with respiration system of the beets. It certainly could not have 
been associated with the photosynthesis mechanism. The exact 
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respollsi ille for rafhnose lI1(Tcase is not kllO\\11 and 
needed to determine r. 
or could Ix as 
to near 

would COllvert certain 
raff:inose. Therefore. raAinosc IS mainly 
weather and when Ihe 
rate of 

As as 19[1 Zitknwski 
tendent the 'Vest 
follows: "All this indicates that the action 
of frost, in this case aher the heets ,\'eTC har\!cstcd. Zitkowski 
also reponed in thc samc that a "Prolessor HerzleJd as 

as 1889 the that rallmose "'as formed In 
larger when beets which had been lO 

weather take on a Ill''' in which case ,vas 
substances." In this same paper Mr. 

the possibility ol clllymatic action Oil OtlH,], 

would eventually form raffinose and olle 
of tlle~e conditions was undoubtedly tilt' action of frost." 

the results of this slndy h<1ve done nothing more 
than to confirm what \£r. Kelton and Professor Hnzleld knew 
many 110\\,c\e1', ill additioll the litld 

i a beel goes illw storage with 11\ rafiinose 
content it will remain lower III season. 

Summary 
rhe raffinose content oj heels stored in the root cellar 

at Rocky Colorado. showed l!ltTe<1Se as 
remained in storage. 

:'\0 diH"erences for raiTlnose cOlltem \lerc foulld 
aftt'r a week between beets stored 111 a 

pile and those stored in tilt;' root cellar. 
varieties showed a increase in content 

kept the same i.e., the 
low content to start with 

varieties at the end of the 
meallS Il"as 

be accumulation 
decreased as the 

The authors the valuable 

Department of the 


their wholehearted 




-loR 	 JO URNAL OF THE A S. S. B. T . 

Literature Cited 

( I) 	 BR EWBAKER, H . E. and DOXTATOR, C. YV. 1954. Coop era tive testing of 
inbreds-three yea rs' results-I 95 I-53. Proc. Amer. Soc. Sugar Beet 
Tech . VIlr (2) :75-78. 

(2) 	 BROWI' , R . J. 1952. Qua n t itatil'e d etermin at ion o ( raffin ose in mother 
beets and raw bee t juices by paper chromatography. Analytical 
Chemi stry 24: 384. 

(:l) BROWN, R . J. a nd WOOD, R . R . 1952. I mprovement o( process ing 
quality of sugar bee ts by breeding methods. Proc. Amer. Soc. Suga r 
Beet Tech . pp. 3 14-318. 

(4) 	 DOXTATOR, c. W. ilnd FI NKN ER, R . L 195-1. A summary of results in 
th e breeding for res istan ce to Aphanomyces cochlioides (c1recks) by 
the Am erican Crys tal Sugar Compa ny sin ce 1942 . Proc. Amer. Soc. 
Sugar Bee t T ech. Vlll (2) :94-98 . 

(:j) Fi NKNER, R. E. a nd BA USERM AN, H. l\f. 1956. Breeding of sugilr bee ls 
with reference to sod ium, sucrose, and ra ffinose con tent. J our. Amer. 
Soc. Sugar Beet T ech. IX (2) : 170-177. 

(fi) SERRa, R. F . and BROWN, R. J . 1954 . Improved chromatogTaphi c 
method for an a lys is o f sUgill- beet products. An a lyt ica l Chemistry. 
26:890. 

(i) 	 "Vooo, R . R. 195+. Breeding fo r impro \'ement of processing ch ar 
acter istics of sugar bee t vil ri e ti es. Proc. Amer. Soc. Sugar Bee t Tech . 
VII1(2) : 125- 133. 

(8) 	 VVOOD, R . R. ET AI.. 1956. Inheritance of ra ffinose production in th e 
sugar beet. Jour. Amer. Soc. Suga r Bee t Tech. IX (2) : 1 33-1 38. 

(9) 	 ZITKOWSKI, H. E. 1910. Micro-photographic records o f a rtificial suc
rose-raffinose crys ta ls. Bee t Sug? r Gaze tte, October, J 9 1 O. Vol. 12. 

( to) ZITKOWSKI, H. E. 1911. Isolation o f raffinose from suga r beet products. 
Beet Suga r Ga zet te. January, 19 IJ. Vo l. 13. 

( I J) ZITKOWSKI, H. E. 1911. Concernin g the ra fflllose question. Sugar Bee l 
Gazette. Jun e, 1911. Vol. J3. 


