Determination of Saponins in Refined Beet Sugars

H. G Warker, [r.'

The flocculent precipitate which sometimes forms in acidified  sirups
made {rom cither beet or cance sugars has created a probleoy for both the
botding wnd the refinedsugar-producing industrics. . The floc from beet
sugar is composed of sugar-beet saponins, fat, colloidal coloring matter, and
inorganic materials (1, )% The acid-insoluble beet saponins appear to
act primarily as scavenging agents, adsorbing other colloidal matter in the
sirups. In this Iaboratory, the nature of the cane floc has pot been jnvesti-
gated, other than o ascertain that it does not contain saponin, so that the
work 1o be described applics only to beet sugars.

At present there is no satisfactory small-scade, rapid method for pre-
dicting the floc performunce of o refined beet sugar. A gravimetric floc
determination reported by Eis, Clark, McGinnis, and Alston (1) requires
about five pounds ol sugar annd & minimum analysis time ol about six to
cight hours, A qualitative analysis for total Hoc s frequently used for con-
trob work: heated, acidiied sirups are scored visually for floc content alter
standing for varying periods ol time. usually 21 hours (2).

This paper reports the development of a method suitable for control
work which is capable of esthmaing the fow parts per million of saponins in
refined beet sugars. The analysis measures the saponins and not total lloc,
because, in our experience, no additional fioc is produced in sugar sirups
from wbhich saponin has been removed. The suponins are removed from
an acidified sivup by filtration and are determined colorimetrically in glacial
acetic acid with @ reagent composed of 10 pereent antimony pentachloride
in chlorolorm. The clapsed time for an analysis is about two hours,

Reagents.
Chloroform: Reagent grade.
Glacial acetic acid: Reagent grade.

Antimony pentachloride: Reagent grade, as purchased, wually contains
too much free chlorine o produce color with saponin (2) . Vacoum distitla-
tion in an all-glass system gives a purified product satislactory Jor color
development. A suitable reagent can also be made by adding up to 10
mole percent of SHCL, or by blowing dry air through comumercial antimony
pentachloride (2) .

A 10 percent (V, V) solution of SO

reagent should be handled in a fame hood.

in chloroform is prepared. The

Standard Sugar Beet Saponin. This reference material can be isolated
from [actory juices or lime muds (1. 1). A solution containing 0.04 mg.
of standard per ml. of glacial acctic acid makes a suitable colorimetrie
standard and appears to keep well in a glassstoppered flask.

" Chemist. Western Utitization Rescarch Branch, Aovicultural Rescaveh Serviee, U, S,
Department of Agriculture, Albany 10, California.
¢ Numbers in parentheses refer to literature cited.
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Procedure. Dissolve 125 g of refined beer sugar in 250wl of water
and add 25 mb of concenuated HCL Add 3.75 gm. of filter aid 1o the
solution and Gher with suction dwough o small Buchner funuel (8 om)
wsing Whatniat® Noo 5 paper precoated with 125 gm. of Celite analytical
filter-aid. Wash the sides of the funnel and the fered material portion-
wise with acidificd wash water wntil the wash containsg no more sucrose,
Iy the funnel and contents in an oven for 20 minuwtes ar 1059, Llate
saponin [rom filer-aid with abour 8 ml. of hou gludal acctic acid, collecting
the eluate ina Heml beaker. I necessary the acetic acid solution can be
refiltered with suction through a4 Whatman No. 50 paper on asmall funnel,
collecting the dear filtrate in o gradeated wbe or @ 10anl volumerric flask.
After making o definite volume (as vecessary)  with acetie acid, pipetie a
Aembatiquot into a colorimeter wabe (19 x 105 mmyy and add exactly 7wl
ol antimony pentachloride reagent. Shake wibe o mixe stopper tightly, and

L
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allow 1o stund at room wmperature. Alter 10 minutes, read the absorbance
at 545 iy, on a colorimeter, Caleulate the mg of saponins in the unknown
sample from the absorbance ol the known standard saponin rengent and a
reagent blunk determined at the same dme. The antimony pentachloride
hydrolyses cnough in moist air 1o coat glassware badly unless it iy rinsed
mmmediately after use with chloroform. Although the reagent attacks rubber
and cork stoppers, rubber stoppers covered with Teflon tpe are satistactory.
Silicone grease is a sultuble stopeock lubricant for the reagent dispensing
Buret.

Discussion and Results
‘The method is based on the re
mony pentachloride to produce a red-colored camplex with an absorption
maximum at 535 N, determined on s Beckman maodet B ospectrophotometer.
Sucrose and unthunony pentachloride also react to give a brownish complex
with no maximum in the visible spectranm. Sinee, however, the sugar complex
could contribute background absorbance for the saponin determination, it
must be completely washed out ol the saponin sample prior o color de-
veloprmoent. Fatty snuterial in refined beet sugar does not seem to interfere,
because floc samples, with or without washing by fat solvents, give identical
saponin valucs.

‘tion ol sugar heet saponins with anti-

Color formation depends on several variables. The red complex repre-
sents an intermediate stage of rvoaction, because, after Jong standing, the
solations become a gravish blue. Fleating increases the Jormation yate and
mtensity of the red eolor; however, it also accclerates the lading process.
When antimony pentachloride reagent s added to an acetic acid solution
of saponin, cncugh heat is ovolved to produce a color in 10 minutes at
room temperature which s essentially stable for anothier 35 minutes. Con-
trary to the repeort of Steinle and Kablenberg (3), light is not necessary {or
development of the color,

Fignve 1 shows that there ia a satisfactory straight-line relationship be-
tween saponin concentration wud absorbance at 535 g for saponin values
Tikely o be encountered tn this analysis.

» Mention of trade smanes doos got imply endorsement by the Departmoent of Agriculture over
orhers (]1> a \U!H]n!‘ natuye not IH("HU()SI('(!,
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Tables 1 oand 2 indicawe thar minor vartations in the concentrations
ol antimony pentachloride in the reagent and water in the accetic acid-
saponin cluate will not have w sevious coffeet on the sapomn values obtamed
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Table T—Effect of $LCL Concentration on Blank and Absorbance;’ Saponin Concen-
tration Constant,

8HCLs Concentration Absorbance
;;/;, L, VY, in ci’\k’iyorof(—)-r_xnh) Blank Saponin
A {.028 0.133
10 021 512
15 020 505
20 .024 493
25 084 45

LA absorbances are read at 535 mu after color developmoent has proceeded 180 minutes
AU Yoo lomporaiune,

Table Z—Effect of Water in Saponin Acctic Acid Solution; Saponin Concentrution
Constant,

a0 conc., vol. %, in

saponin-ACOH seln. Absorbancet
0 0.459
10 442
5 402
20 700

A absorbances ave read ar 535 ma after color dovelopment has procecded 1 minutes
dl room  fenpoerature.

S Turbid sohuion formed,
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from the absorbance figures. The conditions outlined in the procedural
section, therefore, represent an adequaie way (o measure beet saponins after
isolation from beet sugar.

The quantitative olution of beet saponin {vom the sugar sample is
the most difficult problem encountered in the analysis, Clearly the task of
separating and measuring an impurity present to the exient of a few parts
per million is not casy. Solvent clution. distribution, or iou exchange
methods were not satisfactory. Tr was found that hlation on sintered glass
filters {1y was slower and no more cflicient for floc removal than filier
paper with filter aid. ‘Table 3 shows that reeovery of saponin is essentially
quantitative {rom water, but that some loss occurs when 35 pereent siraps
are used.

Table $—S8aponin Recovery from Acid Solutions, 250 ml,

Sugar Saponin Saponin
{(gm.) added {mg.} recovered (9
¢ 0.20 a8
] 40
i B0
4] B0
0 100
125 0.1¢
125 20
125 30
125 AC
125 59
125 1.00

Since, however, a reasonably constant amount of saponin can be re-
covered from the sivups at the various levels of saponin concentration, a
correction factor could be determined, i necessary, to increase the accuracy
of the methiad. Table 4 shows that replication of saponin values on a single
sample of sugar is good, and that added amounts of saponin can be recovered
from the sumple. Table 5 lists the saponin an: [

| vses on a number ol refined
beet sugars, For comparison, floc vatues determined by dhe Spreckels method
are included for some of the samples,

Tabhle 4-—Replicate Analyses and Recovery of Added Saponin brom a Beet Sugar
Sample.

Saponin added Saponin found
{mg.) (mg.)
y]
5
1.00

P Sample washed with chloroform before elution.
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Table 5.—S8aponin in Refined Beet Sugar Samples

Sample Spreckels
No. p.p.m. analysis, p.p.n.
1 3.2 3,4.2
2 4.9 8
3 2.8 3
4 2.3 3
5 2.1 3
6 2.1 3
7 2.3
8 5.4
9 d
10 3,6.3.9, 1.9

PSirup for analysis not acidified with HCL

In general, the results obtained by this micthod show fower floc values
because the oil content of the floc and other solids in the sirups are included
in the gravimetric measurement but only the saponin is measured in the
colorimetric method.

Although floc determination by the deseribed procedure is not as accur-
ate as might be desired, our limited experience has indicated a good corre-
lation between Hoce content by visual estimation and by saponin analysis,
The method should mect the nceds for control work on fioc, since large
numbers ol samples can be run casily in a fairly short time.

The author wishes to acknowledge the technical assistance of Roberta
Erlandsen and to thank Dr. Ro AL McGinnis of the Spreckels Sugar Coni-
pany for supplying representative samples of beet sugars with the corre-
sponding floc analysces.
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