Determination of Floc in Refined Sucrose by
Coagulation with Quarternary Amines
1. R Jonxsox axp MR Do

Introduction

The various methods of measuring the amount of oo mterial prosent
in refined sugar have not been entirely sathsfactory, A control method
is necded which s rapid and which has a means of quantitaiively assiguing
a value of the amount of floc material present. Older methods for Tubora-
tory control were based on visually ostimating the wmount of {loc and 1o
quired a reaction perviod of at least twenty-Tour hours.

There have been some very good methods devised through swhich the
floc waterial can be extracted quantitatively and identified (1), (2. These
methods yequire a considerable amount of technique und require the tme of
the analyst o the point where they are out of the scope of an ordinary con
trof lnboratory,

The Quaternary Amine method has heen developed. Tt s not rime
constring and can readily be used for control purposes. Tt is vapid and
does not rely apon the operators visual estimaton of {loc actually present.
stince the measurement is taken on a spectrophotometer or on a colorimeter
capuble of measuring tansmittance at 720 my.

Floc material exoracted from refined sugar has been identified us sa-
ponins or a glycoside consisting primurily of glucuronic and oleanolic acids
or their sales (13, Saponins are largely removed by carbonation but a small
amount does at thnes get past the purification steps and heuce inwe the sugar
crystal itself. Saponins present in orystallized sugar are of colloidal size
when the sogar is dissolved. Phese colloids are negatively charged and hence
can be coaguluted by cationic compounds.  Flyamine 10X No. 1622 or Roc
cal will bring about coagulation under the proper conditions,  This charac-
teristic is the basis of the method developed,

This method is a modification of Dr. Galvin's preliminary quarernary
amine ttvation and Holly's preliminary method of oxcess Roccal addition.
The method s placed on o quantitative basis through use of curves based
o sugars with o known wmount of saponin added.

Preparation of Saponin for Basic Standardization..

Several procedures for exiracting a saponin materinl {rom sugur beers
were investigated. The method recommended produced a material which
is casily reproduced and which, when wsed in the oo method, is comparable
to saponin material supplied by the Western Utilization Rescarch Laboratory
for our preliminary work.  The product extracted is not a pure compoind
but a mixture of compounds which v representative of the actual {loc
material in osugar beets, 10 oalso has characteristics which should make 1t
suitable for anadysis of cane sugars as well as beet sugar. I iy light brown
or tan in color and iy casily pulverized 1o make bandling easv.

Procedure.

Select one or more sugar beets which are mn good condition. Peel the
outer skin from the beet. This peeling should be at Teast one-cighth inch
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thick but avold peclings which are over one-fourth inch. Discard the peeled
beet. Cut the peelings into small picces and place them o i Waring Blender,
Add water equal to about one-fourth the weight of the peclings and blend for
five minutes.

Exuract the blended material with water moa Soxhler Extraction appara-
tus for three to four hours.  Exuraction must be carvied out in batches until
one or two liters of {iqu?d is obwined. The palp is discarded. The extract
contains sugar, gy\((m es, and other soluble non-sugars which are contained i

the skin of the beet. Shnce the \:lp(miil is concentrated in the skin of the beet
this procedure Is preferable o using diffusion juice as the siarting point

Acidily dhe Higuid o 15 pH with HCH and heat to 909 for one hour.
Allow the acidified liquid to stand overnight. Filer the juice through a
Buchner funncl, using a small amount of [ilter-aid to speed up liliration.
Wash the ¢ake with acidified water 1o remove sagars, Discard the filuate
and washings, Dry the cake with infrared lamps. Do not heat the cake
too much or decomposition of the material may cause trouble,

Extract the dried cake with cthanol or with specind denatred cthyd
alcohel for six hours. This also must be a bawh operation,  Concentrate
the extraer to 2 small volume (30 ml or less) and pour isto a farger volume
of acidified water (3000 ml). Let this solution stwnd overnight. A white
flocculent precipitate will form.

Filter the solution through o white filter paper which is tight enough
to retain the precipitate but which has good [low rates. Do not use filter-
atd,

Diyv the precipitate corefully and dissolve it with hot aleohol by pouring
the alcohol through the paper. Use only enough aleohol wo dissnlve the pre-
cipitate and wash the paper slightiv. Evaporate the alcohol selution slowly
in an evaporating dish, "The bhrown material remaining can be readily scraped
fromy the dish after it is dricd. This material is pulverized and bottled for
use, This is the saponin material for standardization.

From onc beet of average size about 300 1o 1000 mg. ol material can be
obtained.

Standardization of Floc Method.

() Accurately weigh out 8.0250 grams of the saponin material. Dis
solve the saponin in alcohol (hear slightly i necessary)y and make up to a
total volume ol 250 ml with aleohol (Bakers Reagent Aleohol, Denatured
New 3AY. 1.0 mlb of this solution contains 0.1 mg. of saponin. -

{2} Dissolve 2,0 grams of Hyamine 1622 (10-X) m distilled water and
dilute to one it(‘-r {0.2 percent solution).

To cach of the e ghth 100 ml. Kohbrausch Hasks add 10.0 grams of sugar
which is known to be floc [ree. Dissolve the sugur in a small amount of
water and add reagents according to the following schedule.

Flask Number ik, Saponin Selution ml, 10-X p.p.nn Saponin Present
1 ] 0 0
2 g i 0
3 1.0 1o 10
4 2.0 10 20
5 4.0 10 40
[ 6.0 11}] 60
7 3.0 10 80
8 1.0 10 [0
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Complete all volumes to 100 mi, with distilled water. Mix solutions in
cach Hask by inverdng them 8 to 10 times,  Be careful not to use a vigorous
action as air bubbles will be formed.

Place Hasks No.o T othrough Noo 8 inclusive inoan 80°C, wuter bath for
once hour.

Cool the flasks 1o 207C. and adjust volumes to 100 mb 1o muke up for
evaporation.  Mix the contents ol the [lasks by Inverting them 10 umes.
The mixing procedure must be carefully done and ic mpust be exact as the
coagulatton of the saponin does not come to an cquilibrium unless adequate
mixing has been achicved,  The same technique must be followed when
determining floc in an anknown sugar.

The solution in flask No. 1 is the reference solution. Read the pereent
transmittanee ar 720 my for all flasks. Check cach reading cavelully and
make an average of at lease three readings,  The entire procedure of stan-
dardization should be repeated two or three times and the average tiaken
for a more accurate standardization.

Resubis are then ploited on yegular graph paper. (Figure 1) The
graph should be a straight Hne il all of the work was cauelully done. From
the graph a table may be prepared for use in the suhsequent analvsis.
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Analytical Procedure.

After having previously constructed » standardizing graph or table as
above the actual analvsis is simple.

{Ay  Weigh 100 grams of the sugar under tost into each of two 100 mL
sugar flasks. Dissolve the sugar in about 30 ml. distilled water.

{B.y To the first flask add distitled water up o the 100 ml mark, mix
the soluton by inverting the flask 10 times carchully.

{C.y To the sccond flask add 10 mil. of the 4.2 percent Hyumine 1622
solution.  Fill to the mark with distilled water.  Mix contents by invertng
§ times and place the flask in a water bath at 80°C. for one hour, Cool the
flask and readjust the volume. Mix the contents by inverting 10 times.
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(Iry  Find the percent transmidance of the solution at 720 my, ugainst
the reference solution. From the table or graph [ind the Hoc number of
the sugar.

Remarks.

In developing the procedure we stared previously that several methods
of extracting the saponin material wore employed. We used borh ether and
aleohol as extracting solutions and obtrined muaterials from both extract
ions on the same acid precipitated material, aleohol followed by ciher and
vice-versi,

All substances recovered were found to act in o similay manver when
their alcoholic solutions were used as standardizing reagents, A statistical
anadysis did point our that the tansmittance values found were significantly
different when all of the various extracted substances were compared.

We found, however, that our straight aleoholic extraction wus compara-
ble to saponin material Furnished by Western Udlization Laboratory, The
differences were not significane at 90 percent confidence Tevels.

We also found that the straight alcobolic extracted wmaterial could be
duplicated. This led to the procedure adopted for the floc method presented.

Since the standardizing material produced in this manner compares
with saponin produced ander different conditions in a different faboratory
when checked by our proposed method we feel that we can recommend the
method for routine Inboratory control of {loc in sugar.

Average values (transmittance) found by wing a few ol the various ma-
terials are shown in Table 1. Statdsticallv there Is no significant difference
between Alcohol kix, 351, Alcohol Fx. 352 and WR-54.

Table | —Transmittance Values for Various Extracted Materjals,

{4 Cm. Cell Depth)

Pepm, Alcohol Alcohol WIR AX Ether Ether Atk

Saponin 5 54 54 Ex. 59 Ex. 535
i 9810 0813 UR.60

20 96.75 96.7% 97.96

A0 93.88 95,65 93.70

] G0.6% GLES 94.20

3 86.83 87.50 R7.75 a2.00
160 81,50 85.38 3475 .04

Correlution of the acidaeflux method with the method presented here
is difficule. Visual estimadion of {loc depends upon size and number of
particles but does not allow for density.  Table £ illustrates this lack of
correlation,

Table 2~—Lack of Corrclation Between Two Methods.

Saniple H 2 3 4 3
Visual Grade 2 4 i 1 {
Floo Number {(Colorimaoer) 12 23 21 27 &

The floc grade of Sample No. 4 was of very fine, cvenly diispersed floc,
According to instructions it could only be given a griule ol T, however, the
eolorimetric method shows o fairly heavy concantration of {loc
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T s interesting 1o note that the wrbidity developed in the new method
does not vary in particle size. It varies only b1 the nunmber of parricles and
is stable for long periods of time.

Mixiures of two samples of sugar, kuown to bave a marked difference
in Hoo content, show w promise of accuracy in the colorimetric method (33

Figure 2 shows the resulss of this test

Analysis made on canc sugars also indicate the presence of colloids,
Dissolved cane wax behaves in o manner similar to sugar beer saponin,
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Figure 2.

Conclusions
This mothod s readily wdopted 1o refinery control. It is rapid and
places the floc or saponin coptent of granulated sugar on o quantitative basis,
Analysis of sugars produced this scason show a vange of floc from 3
to 27 p.pan, We have not set a maxinum allowable floc value for specitic
trade sugar as yet.  However, sugar produced for bottling purposes has
been Tound to be suitable which has a floc value as high as 12 p.pm. Gen-
erally speaking, floc under 10 popome will be graded as “0O7 {loe by the older
methods.,
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