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Content of Sugar Beet Processing Juices 
ALAN1 E. GOODBAN, J. BENJAMIN STARK, and HARRY S. OWENS, 
Western Regional Research Laboratory, Albany, Calif. 

The amino acids in sugar beets are included in the so-called “harmful” nitrogen that is  
a factor in the formation of molasses in the production of beet sugar. Information on 
the i(dentity, amounts, and changes in amino acids in sugar-beet processing liquors is  
important in the evaluation of purification techniques, in the utilization of by-products, 
and in following the biochemical changes in beets. Paper chromatography has been 
utilized to identify the amino acids present in beet juices. Microbiological methods proved 
time-consuming; hence a quantitative paper chromatographic method was adapted for 
the pwrpose. Use i s  made of “reflectance density” of amino acid spots developed with 
ninhydrin. As many as 18 amino acids have been indicated in certain beet juice samples 
by paper chromatography. There is a variation in the number and amount of amino 
acids in beets from different parts of the country. During processing, including diffusion, 
glutamine is  converted to pyrrolidone carboxylic acid, part of the tyrosine is  oxidized, 
and threonine and serine decrease. The decrease in the amount of threonine and serine 
at pt i  1 1  i s  the result of a reversal of aldol condensation rather than the p-elimination 
encountered at higher concentrations of alkali. 

HE FORMATION OF MOLASSES during T production of Ibeet sugar results 
from interference of the impurities 
with the crystallization of sucrose, prob- 
ably bv decreasing the activity of su- 
crose (12). As a rough rule each gram 
of impurity causes 1 . 5  grams of sucrose 
to enter molasses. O f  the organic com- 
pounds concerned, amino acids, with 
betaine, are the worst offenders because 
of their abundance and their charge 
effects. They also form complexes with 
calcium ion, which increase the amount 
of lime used during purification of beet 
juices in the factory and they act as 
buffers to influence the efficiency of the 
liming operation (5 ) .  The identification 
and determination of these amino acids, 
therefore, are significant to the evaluation 
of purification techniiques. Such infor- 
mation is also necessary to evaluate bet- 
ter the nutrient quality of molasses and 
various factory waste waters, to aid in 
finding the causative agents of browning 
of massecuites, and to establish the pres- 

ence of compounds, such as glutamic 
acid, which might have value as by- 
product?. 

Recent work (2, 3, 4, 6, 7, 70, 7 7 ,  13) 
has tremendously increased thr knowl- 
edge of the amino, acid content of sugar 
beet juices and molasses. The work re- 
ported summarizes some of the current 
findings obtained at  this laboratory on 
the amino acid content of beet diffusion 
juice obtained from different parts of this 
country. Included are a description of 
a modified quantitative paper chromato- 
graphic technique and a discussion of 
some of the changes amino acids undergo 
as a result of present proccssing pro- 
cedures. 

Preparation of Samples 
Sugar beet cossettes were collected by 

the chemist at the factory and immedi- 
ately sterilized in 5 volumes of boiling 
isopropyl alcohol. Factory diffusion 
juice was obtained from similar cos- 
settes, concentrated in vacuo to 70% 

solids, and covered with toluene. O n  
receipt a t  the laboratory, the samples 
were stored at 3’ C. Samples of mo- 
lasses, collected at  the same time, were 
also stored at  3” C. under toluene. 

Alcohol was removed from the cos- 
settes by evaporation: the cossettes were 
then extracted twice for 30 minutes with 
boiling water, To provide a reference 
concentration for comparative purposes, 
the total solids were measured in a re- 
fractometer and most results are reported 
as milligrams per liter a t  10% rds (re- 
fractometric dry solids). 

In some cases the total sugar was meas- 
ured and the results were calculated to a 
10% total sugar basis. 

Each juice was diluted approxi- 
mately 10% solids and filtered through 
coarse filter aid, and an  aliquot was 
passed through a strong cation ex- 
changer. In  a typical example, 200 ml. 
of diffusion juice (1 0,8yo rds) was passed 
through a 40 X 1.6 cm. column of 60- 
to 80-mesh resin. The  flow rate was 40 
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Figure 1. Typical standard curves obtained by plotting log of amino acid concen- 
tration against reflectance density 

ml. per hour. The resin was washed 
with 200 ml. of water. The load effluent 
and washings were separately concen- 
trated tenfold. The concentrates were 
tested for amino acids by paper chro- 
matography. No amino acids were 
found. The  amino acids were eluted 
with 3 ,V aqueous ammonia flowing a t  
the rate of 15 ml. per hour. The first 
1 2  fractions (15 ml. each) of eluatr 
were free o f  amino acids. ‘The next 8 
fractions contained all the amino acids 
as shown by chromatography. Practically 
all the acids were concentrated in 
three 15-mI. fractions (Nos. 13 to 15). 
Fractions 12 to 23 inclusive were com- 
bined and Concentrated to 20 ml. to ob- 
tain a concentration tenfold greater 
than the original. 

During the fractionation and subsc- 
quent storage thc samples werr preservrd 

Table I. Composition of Standard 
Amino Acid Solutions 

(Mg. %I 
Amino Acid I I /  111 

Aspartic 200 100 50 
Glutamic 200 100 50 
Serine 150 75 37.5 
Glycine 100 50 25 
Thrconinc. 100 50 25 

Valinr 150 75 37.5 
Ixucinc. 150 75 37 5 
y-Aminobutyric 200 100 50 

Alaninc 200 in0 50 

with thymol and phenyl mercuric ni- 
trate. 

Analysis by Papor Chromatography 
The number and relative amounts of 

amino acids in the various juices were 
established by two-dimensional paper- 
grams. Phenol (400 ml.) and water 
(100 ml.) containing 200 ing. of 8-quino- 
linol was the developing solvent in the 
one dircction, and 2,S-lutidinr (275 ml.), 
absolute ethanol (100 ml.), \vater (25 
mi.), and diethylamine (5 ml.) \vas the 
solvent for the other direction. The  
technique was essentially that given by 
Block, Le Strange, and Zweig ( I ) .  Be- 
cause no advantage was gained through 
equilibration of the papers over the sol- 
vents or over water, which increased the 
moisture content to 30%, the papers were 
employed in the air-dry condition and 
contained about 3yo moisture at the rela- 
tive humidities existing in this labora- 
tory. Six drops of each solution were 
superimposed on each paper, so that the 
concentration of amino acids tested was 
60 to 90 times greater than that in the 
original solution based on a lOyo rds 
basis. The drveloped c.liromatograms 
were dipped into a 0.5%. solution of nin- 
hydrin in n-butyl a lcoh~~l .  The standard 
solutions were made up to contain the 
amino acids as given in Tablc I. 

For quantitative work onr-dimensional 
papergrams were run by the technique 
given by Block et al.  ( I ) ,  with the solvents 
given above. The lutidine solvent was 

used primarily for thr srpara!ion arid 
detrrmination of “lrucinrs,” valiiic.. 
threonine, and as a first approximation 
of y-aminohutyric acid, i\,liilr thr phenol 
solvent \vas usrd for the rrinaining amino 
acids. Three separatr 5-p l .  spots of rach 
solution were placed 2 cm. apart on 
sheets of Whatman No. 1 or 4 or S & S 
No. 507. Similar spots of each standard 
were also placed on the paper. Paper 
507, although slo\ver in development. 
gave somewhat sharper spots. ( h e r -  
ally, the solvents were allowed to ascend 
at least 25 cm. above the origin on thr 
paper. After drying overnight at room 
temperature, the papets \zwe dipppd into 
the ninhydrin solution and allowed to 
stand overnight for color development. 
Background color was generally light 
and uniform. 

As a further check, two-dimensional 
chromatograms were run with 2 4 .  
spots. In  these cases the unknown was 
placed on one paper (20 X 20 cm.) and 
the three standards on three other papers. 
All four papers were run concomitantly 
in the same jar. Two-dimensional chro- 
matograms pcrmit better separation of  
7-aminobutyric acid, glycine, and ala- 
nine from interfering amino acids. This 
technique appears promising for quanti- 
tative amino acid determinations whrn 
used in connection with reflectance den- 
sity measurements and is under further 
examination. 

Hydroxyproline was determined on 
chromatograms developed in n-butyl 
alcohol (250 ml.), water (250 ml.), and 
acetic acid (60 ml.) (7) .  A solution of 
0.4Yo isatin in n-butyl alcohol containing 
4% acetic acid was the coloring agent. 
One amino acid, as yet unidentified, gave 
the same color as the prolines but did not 
interfere. The standards in this case 
contained 200, 100, and 50 mg. yo of pro- 
line and hydroxyproline; although no 
proline has been found by means of paper 
chromatography, microbiological assay 
showed its presence. 

Effect of variation in the optical den- 
sity of No. 1 papcr was avoided by mvas- 
uring the reflectance of light from the 
paper by means of a Photovolt reflectance 
and densitometer unit (No. 5013). A 
570 mp filter was placed ahead of the 
search unit for ninhydrin colored spots 
and a 600-mp filter for the isatin spots. 
The log concentration of the amino acids 
was plotted against the average maxi- 
mum “reflectance density” of the three 
spots. As shown in Figure 1 ,  the curves 
were usually straight lines. Overlapping 
was serious only a t  the higher concen- 
trations. This disadvantage is reduced 
by using 2-pI. spots for this type of work. 
Spots of 1 -PI.. size require higher concen- 
trations of amino acid and are less 
satisfactory. 

Amino Acid Content of Beet Juices 
Table I1 summarizes the results ob- 

tained from the chromatograms, inrlud- 
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ing one series of microbiological assays 
for comparison. The results obtained by 
both methods are in, good agreement 

Table II. Amino Acid Content of Sugar Beet Diffusion Juice from 
Different Areas 

when it is considered that they are sub- 
iect to variations as great as 10%. Only Manfeco, Rupert, Sidney, Corrolfon, Moorhead, Toppenirh, 
the determinations of glutamic acid Calif. I d a ,  Monl., Mich., Minn., Wash., 

(Concentrations in mg./l. a i  10% r d d  

differ seriouslv. This may be the result of Amino Acid Aa 8“ A A A A A 
hydrolysis of pyrrolidone carboxylic acid 
(PCA) during adsorption or elution from 
the resins or during thle subsequent eva- 
poration. ~-glutamimc acid may have 
formed which would not be utilized by 
the L. orabinosus. 

The concentrations of amino acids in 
juices collected in different factories 
varied considerably, b’ut this is to be ex- 
pected, considering thle marked variation 
in agronomic factors: climate, soil, fer- 
tilization, irrigation. lighting conditions, 
and varieties of beets. 

Aspartic acid, glutamic acid, threo- 
nine and y-aminobutyric acid vary more 
than the other amino acids measured. 
One amino acid, in,concentrations com- 
parable to valine, and three acids in 
lower concentrations have not yet been 
identified. By plottin~g the R,’s of amino 
acids in phenol againlit the reciprocal of 
the number of carbon atoms in the chain, 
as shown in Figure 2, a series of straight 
lines is obtained. By use of this plot and 
those of Polson (a), three of the un- 
knowns were tentatively identified as 
@-alanine, lysine, and citrulline. Histi- 
dine has not been found. 

The chromatographic method as given 
should prove valuable to the agronomist 
when following certain genetic char- 
acteristics of beets or the effect of fer- 
tilization. Similar benefits should ac- 
crue for the biochemist studying the 
changes occurring d,uring growth and 
maturation of homozygous beets. Simi- 
larly, the glutamic acid manufacturer 
can readily determinr: the glutamic acid 
content of the Steffenr; waste waters after 
hydrolysis of the pyrrolidone carboxylic 
acid. 

Recent results (2, 3, 4, 6, 7, 73) ob- 
tained in other laboratories show that 
beets grown in other parts of the world 
are qualitatively similar in composition 
to those grown in this country. 

Changes in Amino Acids 
During Processing 

.4lthough amino acids go through the 
purification process now used in beet fac- 
tories and are thus considered melassi- 
genic, some changes occur, as shown in 
Table 111. The most pronounced 
change is the well-known conversion of 
glutamine to pyrrolidone carboxylic acid, 
which begins to occur during heat treat- 
ment beets receive while in the diffuser, 
but is greatly accelerated during liming 
and carbonation. Asparagine appar- 
ently hydrolyzes during liming, prob- 
ably to aspartic acid and ammonia. 
Tyrosine shows a decrease between cos- 
sette juice and the diffusion juice, prob- 
ably because of oxidation during diffu- 

Glutamic acid 158 106 60 80 140 160 3 50 

Serine 79 62 35 60 35 5 0 ,  . .  
Aspartic acid 123 132 90 100 70 1 40 200 

GI ycineb 
Asoaraeineb 13 1 3* 10 10 10 10 15 
Alanin: ’ 75 62 35 40 40 40 40 
Threonine 26 35 15 15 10 ? 25 

Tyrosine Present 1 1  . .  . .  . , Present Present 
Valine 44 35 30 30 20 30 25 
“Leucines” 88 88 50 80 40 90 80 
Phenylalanine Present 7 . .  . Present . , Present 
y-Aminobut yric 

acid 60 . .  90 150 200 90 100 

Hydroxyproline 13 . .  15 25 15 . .  <5 

A, chromatographic analysis. B, microbiological assays. Latter also showed arginine 
2, histidine 4, lysine 9, and methionine 17 mg./1. 

* .4s glycine. Microbiological assay does not include asparagine. 

Table 111. Changes in Concentrations of Amino Acids in Beet Processing 
Juices from Manteca, Calif. 

(Expressed In mg./l. on basis of 10% total sugar) 

Amino Acid Correffe luice Dipuiurion Juice Molorrer“ 

Aspartic acid 150 150 500 
Glutamic acid 100 180 630 
Glutamine6 970 Near 0 Near 0 
Pyrrolidone carboxylic acid 0 970 5000 
Alanine 60 80 400 
Asparagine Present Present Near 0 
Glycine 15 15 170 
Serine 80 90 230 
Threonine 35 80 0 
Valine 45 50 210 
Tyrosine 70 10 
Leucines 105 100 660 
Unknown * .  Present Absent 
Unknown . .  Present Present 

a Molasses formed after removal of about 85% of sugar, therefore amino acid concentra- 

Glutamine converted to pyrrolidone carboxylic acid, then to glutamic acid, and deter- 
tions should increase by 5- to 6-fold. 

mined as such. 

Table IV. Alkaline Degradation of Hydroxy Amino Acids 
(Concentrotions in m ~ ~ ~ ~ m o ~ e s / ~ . l  

Concentra Won Concen frofion 
Amino Acid Candifion before Heafing after Heofing 

D,L-threonine pH 1 1  lime 

L-threonine pH 1 1  lime 

L-threonine 
L-serine 

3N NHI 
pH 1 1  lime 

y-aminobutyric pH 1 1  lime 

42 Threonine -21 

21 Threonine 2 
Glycine 17 

Glycine 16 
21 
24 

Threonine 21 
Serine 12 
Glycine Ca 10 

50 Alanine Ca 4 
y- Aminobutyric 17 

sion. The amount of threonine and 
serine decreases during the liming oper- 
ation, while glycine seems to increase. 

The  possibility that alkaline degra- 
dation (72) of the hydroxy amino acids 
occurs despite the mild alkaline treat- 
ment during liming appeared worth 
checking. Solutions containing 21 to 
42 millimoles per liter of threonine or 
serine were adjusted to pH 11 with lime 
and refluxed for 24 hours. The  results 

obtained by means of quantitative chro- 
matography, given in Table IV, show 
that most of the L-threonine and L-serine 
that are degraded undergo a reverse 
aldol condensation to yield glycine. The 
presence of acetaldehyde or formalde- 
hyde in .the heated solutions was proved 
by reaction with p-hydroxydiphenyl and 
2,7-dihydroxynaphthalene, respectively. 
The presence of a spot a t  the same R, 
as alanine agrees with the findings of 
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Figure 2. R, in phenol plotted against 
reciprocal of number of carbon atoms 
in amino acid chain 

Wieland and Wirth ( I d ) .  Judging from 
the difference in the rate of degradation 
of D,t-threonine and L-threonine, there is 
a structural factor controlling the alka- 
line degradation of threonine, These re- 

actions appear worthy of further attrn- 
tion. 

In addition to loss in threonine and 
serine during liming, it seemed that one 
of the unidentified amino acids which 
has an  R, near that of &alanine dis- 
appeared. A test to determine whethrr 
the alanine undergoes &elimination was 
negative. Ornithine has been investi- 
qated and found to form two new nin- 
hydrin reacting compounds which have 
not bern identifird, although one is prob- 
ably a pyrrolidonr romplrx. Similarly, 
7-aminobutyric acid diminishrs in quan- 
t i tv  on hratirig in mild alkalinc solri- 
tions. 

I t  is apparrnt that alkaline hydrolysis 
of protein or alkaline treatment of amino 
acids is likely to cause marked changes 
among the amino acids and such treat- 
ment should be < hecked for its effect be- 
fore conclusions are drawn from subse- 
quent analyses. Removal of ammonia 
by rapid evaporation apparently has 
very littlr rffect on threonine. as shown in 
Table IV. 
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radation of amino acids. 

~ o ~ u m  Cihd 
(1) Block, R. J., Le Strangr, K , antl 

Zweig, G., “Paprr (:hroiiiatog- 
raphy,” pp, 5 1  60. N e w  \’ork. 
Academic Prrss. Irir., 1052. 

(2) Brown, R .  .I., Itid. PYnp. f’hput . 43. 
610 (1951). 

( 3 )  Harris. G. .  and Pollack. 1 K A , , ,  
Chemislry nnd lndurtty, 1.52, 9.3 I .  

(4) McGinnis, R .  A.  “Hwl-Si igar 
Trchnology,“ 11. 187, Ncw k’ork.  
Rrinhold Piiblishiiig ( : o r / )  , 1050 

( 5 )  Mariani, E.. l w / t i \ / t t o  \ m ( o i .  / / o / . .  
45, I89 (1952). 

(6) Mariani. E . .  antl ‘ l ’ o t t ; i (  i i .  (;.. 
/A’o/urc. lfi8, 959 ( 1 95 1)  

(7) Petit, L, Compt. 7 f t d  m , i d  n,ct .  

France, 37, 25.3 (19.51). 
(8) Polson. A., .4cfn Rioc-hon. Rio/lh\lr , 3, 

205 (1949). 
(9) Schneidw, F., Kt.iiifvld. I;.. ( ; r o w ,  

H., Muller, IJ. ,  and Zrnkw, B . .  
Zucker-Beih.,, N o .  6 (Mav 1 0 5 2 ) .  

(10) Stark, J. B., Goodban. A .  L.. ant l  
Owens, H. S. ~ fnd. E t i , ~ .  C.’hPm., 
43, 603 (1951). 

(1  1 )  Stark, J. B., ( h d b a i i ,  A E I and 
Owens, H. S., Pror.  Am. 4Soc. 
Su,far Beet 7‘echnol., 1952, p. (1x8. 

(12) Van Hook, Andrew, ftid. F t i , ~  
Chem., 40, 85 (1948). 

(13) Vavruch, I., Sugar fnd. , I h / . ,  14, 
144 (1952). 

(14) Wieland, T., and Wirth. I , . ,  Net. 
82, 468 (1949). 

Received for revirtu March 6, 795J. 4 c r i ~ ~ l d  
April 21, 1953. Prrrented bcfote !hi, Dioi.riot7 
of Carbohydrate Chrmirtry at the 12.lrd z t 4 ~ ~ f i ~ i , c  
of the AMERICAN C ~ I R M I C A I ,  Soc:rwv, I.or 
Angrlps, Caiif .  

Gaseous Emanation Products 
AMOS TURK and PHILIP J. MESSER 
Connor Enginomring Corp., Danbury, Conn. 

Common green lemon mold (Penicillium digitatum) produces ethylene, which powerfully 
stimulates lemon respiration. An irradiated mutant mold failed to stimulate lemon res- 
piration. The chemical differences of the emanations from the two molds were investi- 
gated. Vapors from moldy lemons were collected by activated carbon adsorption, 
desorbed in vacuo, and analyzed by mass and infrared spectra. The mutant mold pro- 
duced less total volatile material than the nonmutant mold, and there were significant 
qualitative chemical differences between the two emanations. The stimulating effect 
of Penicillium digitatum on respiration of healthy lemons can be reduced by purifying the 
air contaminated by the mold gases with brominated activated carbon. An alternative 
method consists of simultaneous diffusion of small concentrations of bromine into the stor- 
age space and recirculation of the storage air through unbrcminated carbon. 

HE CASEOUS EMANATIONS from com- 
mon green lemon mold (Penicillium 
digitaturn) have been shown (3) to 

contain a powerful stimulant for lemon 

respiration, probably ethylene. Figure 
1, taken from Biale and Shepherd (3). 
illustrates the course of this stimulation. 
The rvidence that the stimulating gas is, 

in fact, ethylene includes the following : 
The stimulation of lemon respiration by 
‘pure ethylrne is similar to that produced 
by gaseous emanations from the mold; 

T 
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