Studies on the Control of Saponin Concentration
in Refined Beet Sugar

Rosert 8, Gavpie!

All commercial granuluted sugars contain traces of adid-insoluble sub-
stanees which precipitate in acidified agueous solution and which, at sullici-
ent concentration, show up as o white Hocculent precipitate. The floc present
in beet sugar is composed of a mixture of saponin and its derivatives, of
fais, and of varvious other adsorbed mincrals and colloids. (1)* Because
these substances gradually predipitate in certain carbonated beverages and
acidificd pharmaceutical svrups, it is necessary that sugar be produced as
free as possible from these floclormers, '

Cortiin information of a very general nature on the concentration of
floc in the granulared sugars produced by the seven factories of the Utah-
Idaho Sugar Company was obtained during the 1952 and 1953 canpaigns.
The general nature ol the indermation was due in farge part to the extoome
qualitative value of the then known tests. In 1933, Walker and Owens,
working on this problem, found a fairly farge pereentage of the acid-insaluble
constituents in beer sugar to be saponin and Dy, Walker devised o method
of analysis for this component. Iven though the method had not been
published and had. in fact. not been tested thoroughly, Walker very kindly
made available all the information he had on the preblem. With our
adaptation of this test ic was determined that a measure of saponin con-
centration Inaosugar gave an excellent measure ol that sugar’s endency to
produce floc in susceptible beverages,  "The maximum safe conceptration
of four p.p.m. for sugar going into these susceptible beverages {2) was further
determined. With these facts established, iU was decided 1o make exhaustive
tests on sugar from adl seven of the Uah-Idaho Jactories during the 1954
campaign and attempt. within the practical lmits of full seale operation
and on present knowledge, to control the saponin conceniration in the
final sugar,

The number of analyses which could be made was limited by the two
spectrophotometers available, However, o minimum of three samples, rep-
resenting three to six strikes of sugar from cach Tactory cach day, was analyzed.
A study of these analytical results showed that cach factory’s sugar produc-
tion fell into one, and only one, of three classifications. Typical examples
of these three are shown i Table 1.

Table L—Saponin Concentration in Sugar Samples from Three Different Factories.

Saponin Concentration ppm

No. of
Factory Samples Maximum Minimum Average
- A 232 21 6 T4
B 208 3 0 1
L[# 351 17 i G

General Chemist, Utah-Tdaho Sugar Co.. Salt Lake City, Utah.
Numbers in paventheses vefor o Hiterature eited.
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The results gave guantitative confinmation to deductions arrived  at
from the general information obtained the two previous years,

a. Sugar from some lactories always contains rolatively high concentra-
tions of saponin, (A in Table 1.

b. Sugar from some factories alwayvs contains very low concentrations
ol saponin, (B in Tablc 1.

¢ Sapounin concentration in sugar rom some foctories varies within
wide Iimits {C in Table 1.

Because the saponins are only one ol many nonsucrose constituents
in purificd beet juice and because very cllicient sugar-crdd operation nearly
Talways resules in improved sugnr quality, it is logical to suppose that saponin
concentration in granulated sugar would be lowered by high pan purities
precision sugar boiling technique to avoid crystal agglomerares and as near
perfect separation of mother liquor from crystals as possible. On this supposi-
tion it was decided to gy this procedure at Factory € (Table 1. Standard
liquor puritics were held up 1o near 93.0, high raw sugar purity way main-
taned at 985 to 99.0 and sudficient wash water was applied at the centri-
fugals to bring the color index of the sugar to the lowest practical value.
Typical results ave shown in Table 20 Colors are given in terms of relerence
basis units {3}

Table 2.—8aponin Concentration in Selccted Sugar Samples from Factory C.

Sample M., White Pan Purity  Color Index Sapouin p.p.m.
I 54 i2
2 249 8
3 34 11
4 31 10
3 27 &
i} 22 5
7 17 3
8 13 1
9 17 i

10 19 2
it 18 1

Variations in pan purity within the limits at which operations were
corducted did not have any measurable effect on Hoe, but floc concentra-
tion at this factory was found to be almost directly proportional to color
mdex. Towever, in order to obtain a sugar with a color index below 22,
1L WS SOmenines necessary o wiash with as muach as 26 quarts of water per
machine. This would 11 up the white side in about 21 hours and so would
have to be discontinued temporarily. Throughour most of the campaign,
however, it was possible to obtain sugar containing less than lour popan.
saponin by washing to such a color index.

As soon as results from the work at factory € were available, identical
conditions were established st factory A swhere saponin concentration had
been runming consistuntly high.  All operating conditions were  directed
toward the production of an oxeremely even, relatively coarse grain in the
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vacuum pans, and as near perfeat washing in the white centrifugals as
could he obtained. In spite of these cliorts, results obtatned at Facory G
could not be duplicated in Factory A, even for short pertods, There seeraed
1o be no correlation whatever between saponin concentration and any other
physical or chemical characteristic of the sugar. This is illustrated in Table 3.

Table §—3aponin Concentration in Sefected Sugay Samples from Factory A,

Sample No. White Pan Purity Peveent Ash Color Index Saponin p.p.m.
f L0050 17 12
2 20 b1
4 23 13
4 L08R 21 15
El L6040 35 8
3 0044 35 i
7 O0HG 86 [}

Periodic samples of sugar were made into a massecuite, purged, and
washed i the laborwiory contrifugal with what would be eqguivalent in
factory practice o 40 quarts of hot disdlled water per machine without
cHecting a decrease of more than T or 2 popan, of suponin.

Since the saponins are highly surfacc-active, adsorbing agents such as
activated carbon should remaove at least a portion ol those left in the purified
juice {4y . "Therclore, the addition of activated carbon (Darco 851) to the
standard liquor was started. The first 48 hours, 3 pounds per ton of beets
was added. For the nexe 48 hours this was increased to 5 pounds and 48
hours later to .6 pounds per ton of bects. Av this poing, the standard liguor
filters had about reached the Hmit of their capacity and higher carbon addi-
tions were not practical. During these periods, sugar boiling was carcfully
walched and 25 quarts of cenwrifugal wash water per machine were wsed,
No decrease in average saponin concentration in the sugar was cffected by
any of these carbon additions, Adsorbing agenes, such as acuvated carbon,
have sclective adsorption properties which do not confine thomselves ta the
saponins. Because of this, Sabine predicted, and our work has shown, that
in many cases the quantity of carbon which would probably be required
would raise production costs higher than could be justified.

Saponins all form emulsions with ot {(6). Tn testing the solubility of
the sugar bect saponins in the various comsnon defoamers used in sugar
manufacturing, McGinnis (73, found that they were least soluble in Balab.
Therelore, for a period of 21 hours, all foam oils {except Balab) were taken
out of the process and Balab used as sparingly as possible. Saponin con-
centration in the sugar produced during this period ranged from 6 to 13
popan.

Triterpenes lorm insoluble compounds with heavy metal jons (4). This
explains the high (about 957 climination [rom diffusion juice, as the cal-
cium complex, when lime i added ar the carbonators. Hoeping to take
Turthier advantage of this property, two things were tried. First, milk of
lime equivalent to about (159 CaQ on beets was added to the filtered Tst
carbonator juice going to 2nd carbonation. T'his was continued for 3 days
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and when no decrease i floc was obtained  the seeond experiment was
started. This consisted of adding fresh milk of lime equivalent to approxi-
mately (079, Ca) on beets to the standard liquor at the high melter. Thas
was then sullured to pH 7-8 to 8.0 using liquid 50, and filtered on the
standard liquor presses using .6 pounds filteraid por ton of beets. Adter a
72 hour run in which no significant decrease was cffected in the average
saponin concentration in the sugar, this procedure was also discontinaed.

It is highly probable that methods of processing influcnce, to some
extent, the concentration of suponins in the final sugar. Fis, et al (1) have
shown, that cven ar the same [actory, the concenwration of triterpenes in
diffusion juice is widely variable, Although 95979 is climinated in carbon-

ation, in cases of high witerpene incidence, the removal s still inadequate.
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