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For many years the sugar beet industry has been interested 
in the "harmful nitrogen" content of processing juices. "Harm­
ful nitrogen" is defined here as those nitrogen-containing com­
pounds that are not removed during processing and appear 
eventually in molasses. These compounds are believed by many 
sugar beet technologists to be especially deletetious in beet sugar 
manufacturing operations and to cause the production of more 
than normal amounts of molasses. Whether or not th is is the 
case, more information on sugar-beet nitrogen compounds seems 
desirable, since they account for nearly 50 percent of the total 
weight of non-sugars in molasses. 

As part of our molasses composition studies, taken during 
the 1952 campaign, samples were obtained from 9 factories: G 
operating straight houses- Betteravia, Clarksburg, and Manteca. 
California; Brighton, Colorado; Carrollton, Michigan; and Moor­
head, Minnesota- and 3 operating Steffen houses- Alvarado and 
'Woodland, California; and Toppenish, ·Washington. Nitrog'en 
determinations were made on the various fractions separated by 
ion exchange resins. Information is presented relating to some 
of the known nitrogen compounds as well as the unidentified 
nitrog'en compounds. 

The nitrogen compounds of molasses were separated into 3 
fractions referred to as basic, acidic, and unadsorbed , depending 
on their reaction with ion exchange resins under the conditions 
of this experiment. Diluted molasses was passed in turn through 
a strongly acidic cation exchange resin in the (H+) form. Basic 
nitrogen compounds are defined as those that were adsorhed from 
a dilute molasses solution hy the (H~-) cation exchange resin. 
Since this fraction contains many amphoteric compollnds, most 
of the amino acids in addition to more hasic compounds sHch 
as hetaine are present. 

The effluent from the cation exchang'er mentioned above was 
then passed throug-h the column of (intermediate strength) 
anion exchange resin in the chloride-formate form. Only the 
strongly acidic compounds were retained . Nitrate and pyrrolli­
done carboxylic acicl (PCA,) are the principal nitrogenolls com­
ponents of the acidic fraction that are retained on the resin. 

1 W estern R eaional Research Laboraforv. a laboratorv of the 'Ve~ lern Utilization R p, · 
se~ rr..h an" DeveTonO"l ent Divi sion . Aariro1tural R~$,earch ~enl ice . U. ~ Dpn~ rt,,,"'pnt of A P.' ri· 
culture. Presentp,-1 a t mee tin or of A'merican Society of SlI ~ar Beet Technolo~i s t s. Detroit , 
\1ich .• Feb. 4 ·6 . 1958. 
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There are traces of at least two unidentified nitrogen-containing 
acids present. 

Unadsorbed nitrogen compounds are defined as those com­
pounds that were not adsorbed from the solution by either resin. 
{Tndn the conditions of the experiment this fraction contains 
weakly acidic nitrogen compounds and may contain weakly basic 
compounds that were not retained by the cation resin and some 
neutral nitrogen compounds. This fraction also contains suc­
rose, other soluble carbohydrates, and soluble neutral com­
pounds. If pectin or pectic acid were present in the original 

. molasses they would appear in this fraction. Although these 
suhstances are acidic their high molecular weights prevent their 
adsorption by ion exchange resins. 

Experimental Methods 

The columns used for separation of the basic fraction were 
glass tubes 60 cm. lung and 4 cm. in diameter. One end of each 
was stoppered with a one-hole rubber stopper containing an out­
let tube which co uld be closed with a clamp or stopcock. A 
circle of (ine-mesh nylon bolting cloth was used to cover the 
stopper and outlet tube to prevent loss of resin. The columns 
were loaded with 400 ml. of commercial-size Dowex-50 (H)2 
(Dow Chemical Company, Midland, Michigan) in a water 
slurry. As determined by previous trials, this is 5- to 10-fold 
the amount necessary to remove the basic components. 

The col umns used for separation of the acidic fraction were 
glass tubes 60 cm. long; and 1.6 cm. in diameter with the type 
ol closure dcsnibcd above. The lower part of the tubes were 
filled with about 30 m1. of an intermediate-strength anion ex­
chcll1g;e resin Permutit A (Permutit Corporation. New York , 
:'\.Y.) equilibrated with hydrochloric acid -to pH 2.5. Fifty ml. 
of the resin equilibrated with formic acid to pH 2.8 was placed 
above thi s. Tlwse columns were to fracti onate the org;anic acids 
of molasses incl uding lactic, glycollic. PCA, citric, and others 
(1) and to provide a fractionation of nitrogen compounds into 
the two classes, acidic and unadsorbed. 

Figure I shows a diagram of the separation procedure. Fifty 
.Q.Tams of molasses. diluted to 200 m1. with water, was passed 
throuQ'h the column of Dowex-50 (H) cation exchanger at th e 
rille of one Jiter per hour. The coJumn was washed with water 
until the oH of the effluent was 3.3. The volume of the acidic 
effluent (I) including.' the wash water was about 1300 to 1500 
m1. Three liters of 10 percent ammonium hydroxide was passed 

2 Nfention of s!1ecific products does not constitute endorsement br the D epartm ent o f 
A!],T icuiture over others of :l simil ar nature not men tion ed. 
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Figure I.-Separation of n:trog;;n tr<1uions with ion :~xchange resins. 

through the column or cation resin to elute the basic nitrogen 
compounds (II). The ammonia was removed by boiling the 
soluti()n vigorously while the pH was maintained above 7 by 
additions of sodium hydroxide. The alkaline condition of the 
ammonium hydroxide eluate of the cation resin degraded most 
of the amides present to Form additional ammonia. This ammonia 
and the ammonia originally present in the molasses were lost 
during- concentration of this fraction. 

An aliquot oj the acidic effluent from the cation exchanger 
(1) containing' about 20 milliequivalems of anions, was passed 
throug'h a column of anion resin (Permutil A) in the chloride­
formate form . The column was then washed willI 500 m1. of 
water. The combined efflilent and wash form the unadsorbed 
fraction (III) . The anion column was fractionally eluted with 
a mixture of dilute formic acid hvdrochloric acids to obtain the 
fraction cOl1Laining PCA (IV) (1). 

The methods of analysis used were previously described (2). 
The ori~'inal molasses was analped for total, amino , amide, and 
ammonia nitrogen and for betaine. The basic fraction (II) 
was analyzed lor total, amino, amide , and ammonia nitrogen. 
The acidic effluent (I) from the cation column containing the , 	 acidic and neutral substances was analyzed for total and amino 
nitrogen. Later ex periments have shown that the Kjeldahl 
method used for total nitrog-en recovered only 60 to 80 percent 
of the nitrollen present. As a consequence the total nitrogen 
\'alues for m olasses m(\y he low hy fourpei.Tent and the ' (\cidic 
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The fractioll IV eluted anion colullIn with 
formic-hydrochloric acid contains PCA. It was analyzed 
for lotal to eSlimate of the P(>\ present. 

Results 
rhe classification of into 

acidic, and unadsorhed is the 
conditions used in the 

in the hydroxyl 
acidic that 'resin columll 

when the ruin wa, in the ell form, 1Tlldcr the 
the 

catioll or 
compounds pass in the acidic or un· 
adsorbed frau ions. .Most of the nitrogen found in 
the Ilnadsorbed fraction could have heen j'ccovcrccl on au ion 

the sol tlnough a colmnn or 
lorm and then the effluent 
resin in the Icnn. The 

known betaiuc and 
amino acids, 

Since only of the nitrogen compounds were eluted from 
the all ion resil1, total nitrogen in the acidic fractioll was 
calculated differellcc bct\\'CCll the nilroU'cn in acidic cfflut'llt 
(I) and the n in nelltral dlluenl (lIL. PC\ and nitrate 

comprise most 01' the audic 11 althulH2il there are Iran's 
01 at least two unidentified nilrog'en th:il 1I"cre eluled 
by oric acid and there are olher., I ;'Ire 
eluted only with diHiclllty if al all. 

rile unadsorbed fraction is oi weakly· 
comnollnds sHch as that :ue not 

retained hy the anion resin. It may also contain some \\'cak!v 
hasic that through the catioll resin :!S :l n''iult 
or tile lOll' pH of the effluent and some lH't1tral nilrooen 
compounds, 

Table I shows the amount of molasses in the basic. 
and unadsorhed fractions, '] ayerage distrihution 

ShOll'S of) percent of tht' nirnwen in molas~es as basic. as 
acidic. and 6 as unadsoroe(L 

Table 2 shows the distribution of baSIC I1ltmUell among the 
known and classes of compounds and a1so the 

that has not been identified, The bas1c 
fraction averages 49 percent betaine. 27 
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Table I.-Basic, Acidic, and Unadsorbed Molasses Nitrogen (g. nitrogen/ IOO g. non· 
suero.c solids). 

Factory' Basic Acidic Unadsorbed 

Be 4 .55 1.98 0. 33 

Br 4.3 3 1.70 .43 

CaM 4.42 I.", ~ .~ 9 

CI 4.52 1.79 .39 

Ma 5.0') 2.34 .58 

Mo 3.94 1.83 .34 

AI' 4. 15 1.99 .42 

To' 4.91 2.25 .44 
WOO 3.24 1.27 .4 3 

Average 1.35 1.86 .42 

' Abbreviations for the factories are as foUows: AI-Alvarado, Be-Betteravia, Br­
Brighton . CaM- Carrollton, CI- Clarksburg. l\Ia-Manteca, Mo-Moorhead , To-Toppenish , 
and Wo-Woodland. 

2 Steffen molasses. 

Table 2 .-Distribu tion of Basic Nitrogen in ~folasses (g nitrogcn/ IOO g. non-sucrose 
solids) . 

Van Slyke 
Factory' Betaine Amino Anlide Ammonia Remaindtr3 

Ik 2.02 
Jll' 1.77 
Ca~f 2. 34 
CI 2.28 
Ma 2.29 
\1 0 2.27 
AI' 1.56 
To' 2.43 
Wo' 1.65 

Average 2.07 

1. 34 
1.03 
1.04 
1.06 
1.40 
1.00 
1.16 
1.29 
.81 

1.1 3 

0.28 
.1 5 
. 17 
.20 
.25 
.20 
.\9 
.25 
.20 

.2\ 

0.12 
.05 
.04 
.09 
.10 
.05 
.06 
.08 
.07 

.07 

0.66 
1.20 

.70 

.74 

.88 

.29 
1.05 

.73 

.38 

.74 

1 See Table 1 for abbrevia tions. 

2 Steffen molasses . 

' Does not include an estimated 0.13 g. purin e·pyrimidine nitrogen. 

7 percent amide and ammonia , and 17 percent unidentified. In­
cluded in the unidentifi,ed portion is nitrogen from purines and 
pyrimidines which are known to be !Jresent but were not deter­
mined in these samples. On the basis of the analysis of one 
sample of Manteca molasses (.~) for individual purines, pyri­
midines, and nucleosides, the N due to these compounds would 
account for .13 g. of the unidentified .74 g. of N. 

The acidic nitrogen distribution is given in Table 3. From 
the averages, PCA accounts for 55 percent and amino compounds 
6 percent of the acidic nitrogen . A large part of the remainder 
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Table 3.-The Distribution of Acidic Nitrogen in Molasses (g nitrogen/IOO g. non­
Sucrose solids). 

Van Slyke 
Factol-yl peA Amino Remainder 

Be 1.17 010 0.71 
Br .90 .13 .73 
CaM 73 .11 .69 
Cl 1.02 .09 .68 
Ma 1,46 . I ~ .75 
Mo .98 . 14 .71 
AI" 67 .08 1.24 
To" 1.58 .10 .57 
Wo' .69 .11 A7 

:\ve ragc 102 . 11 .73 

1 See Table I for abbreviations. 

2 Steffen roolasses. 

is due to nitrate, which averaged 0.55 g. of nitrate nitrogen 
per 100 g. of impurities for 17 molasses samples from the 1956 
campaign. If we accept this as an approximation for the 1952 
molasses, however, we must make a correction , since the total 
1'\ analysis would have measured only 70 percent of this, or 
0.38 g. P sing this figure, there is still 19 percent of the acid ic 
nitrogen which is unknown. The acidic amino nitrogen is also 
unknown, but probably includes glutamic and aspartic acids 
which leaked through the cation resin because of the high acidity, 
pH 1.5, of the effluent. 

Table 4.-Total and Unidentified Molasses Nitrogen (g. nitrogen/ IOO g . non-sucrose 
solids). 

Unidentified 

'70 of 
Factory' Total Basic Acidic Unadsorbed Total Original 

Be 7. 19 
Br 6.09 
CaM 6.40 
CI 6.79 
Ma 8,47 
M o 6.44 
AI· 6.37 
To" 7.6 1 
\ ·Vo:.! 5.59 

ih crage 6.75 

0 .66 
120 
.70 
,74 
.88 
.29 

1.05 
.73 
.38 

.74 

0.68 
.70 
.66 
.65 
.72 
.68 

1.21 
.54 
.44 

.70 

0.33 
.43 
.39 
.39 
.58 
.34 
.42 
.44 
.43 

.42 

1.67 23 
2.33 38 
1.75 27 
178 26 
2. 18 26 
1.3 1 21 
2.68 42 
1.71 22 
1.25 22 

1.86 28 

'See Table I for ab brev iations. 

2 Steffen roolasses. 
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Table 4 gives the relationship between total and unidentified 
nitrogen in the basic, acidic, and unadsorbed fractions. An aver­
age of 28 percent of the total nitrogen appears to be unidenti ­
fied. If a correction for the nitrate in the acidic fraction is made, 
based on the average nitrate content of the 1956 campaign 
molasses samples, 22 percent of the nitrogen remains unidentified . 
If these unknown compounds average 20 percent nitrogen, about 
7.5 percent of the non-sugars in molasses are unidentified nitro ­
gen compounds. If the average nitrogen content of the com­
pounds is as low as 10 percent, then 15 percent of the total non­
sugars are made up of this group of unidentified compounds. 
The true value probably lies between th e extremes of 7.5 and 
15 percent. 
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Summary 
A method using' ion exchange resins is described that enables 

the separation of molasses nitrogen compounds into basic, acidic, 
and unadsorbed classes of nitrogen compounds. 

Nitrogen compounds make up about 50% of the nonsucrose 
molasses solids and their average distribution is 66% basic, 28 % 
acidic, and 6% unadsorbed. The 6% unadsorbed is mainly 
weakly acidic (omoounds. \Neakly basic, or neutral compounds 
mav also be present . 

Ferty-nine OPITent of the basic nitrO'Ten occurs in betaine. 
27 01, in arl1 ino -acids. 7 0/~ as amides and ammonia . and 170/,., re­
Tn'lins unidentified. Acirli r nitrog:en is distributed as 55 % PCA, 
60/,., amino comoounds, 20°ln nitrate. and 19 unidentified. The 
C01110"11nrls containing; unadsorbed nitrog'en have not been 
identified. , . 
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