Paper Chromatography of Sugar Beet
Saponin Compounds
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Sugar bect saponin has been deseribed as o glucuronic acld glycoside
of a eriterpence, oleanolic acid (2% Many workers have studied this and
related compowunds (1) {2y (3). "The authors Telt it advisable to study
oleanolic acid, ity glyeoside, and their salts using paper chromatography,
Knowledge thus gained should be useful in further studies of beets, beet
products, and other plant materials containing simlar substances. An attempt
was made (o utilize the dwomatographic characterizations thus obtained
o determine the uature of saponins as they occur in beets. Certain diff-
culties were encountered, perhaps due to the presence ol colloids or other
substances capable of forming more or Iess Brmly bound additional products.

In the luboratory many coxperimental beets are analyzed for various
constituents by paper chromatography,  An isopropanol solvent has been
developed by the laboratovy which, with descending paper chromatography,
is suitable for the separation of sugars, such as raffinose, galactinol, inositol,
and [or separation of at least nine of the amino acids commmonly found in
sugar beets. The above juice compownds align themselves in identical posi-
tions o paper chromatograns with the respective pure chemicals thereof,
Such is not the case with puarified saponin and saponin of beet juice. The
purc saponin moves with the solvent frent while the beet juice saponin
has moved only halt the distance. Smolenski (3) in 1935 foung magnesium
saponin present in diffusion juice. Thus saponin, possibly present in the
form of salts, might aceount for its unusual chromatographic properties.

Methods
One and two dimenstonal chromatographs were muade on Whatman
No. 4 paper using the following solvents: a, benzene: b isopropanol: «
methanolwater: and d. water. The spots to be ciromatographed contained
cither a few micrograms of the relatively pure salis of 2.5 milligrams of
total dry substance when sucrose was present, and 100 micrograms of cgg
albumin when used.
Solvents -
sopropanol Solvent consists of:
70 parts sopropyl alcohol
10 parts N-Butanol
25 parts henzene
25 parts water
Methanol Solvent consists of:
95 parts 939 methanal
3 parts distilled water
Water
Benzene

The solvents traveled down the paper chromatographs.

. PHead Research Chemist and Researchi Chomist respectively, American Crystal Sugar
Company, Rocky Ford, Colorada,
2 Numbers in parentheses refer to Heeratuye cited,
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Color Reagents

Antimony Pentachloride:
5 ml Antimony pentachloride
95 ml. chlorotorm
0.5 gm. antimony trichloride

Alpha Naphthol:
I gm. alpha Naphthel
1066} ml. solox
15 ml. phosphoric acid
S-Hydroxy quinoline (oxing)
0.5 g 8-hvdroxy quinoline
100 ml. N-Butanol

The antimony pentachloride reagent reacts with saponin te form a
pink color. The dricd chromatograms were dipped in antimony pentachloride
and placed in an oven {or a few scconds at 90° CL

Chromuatographs, alter being dipped in antimony pentachloride, were
then treated with alpha Naphthol reagent heated to 907 €. to bring owt
the purple color of sucrose when present.

The chromatographs were dipped in oxine reagent, allowed to dry at
room temperature. exposed to mmmonia fumes, then examined under ultra-
violet light. Magnesium, calcium and barium cach produce a hright fluor-
CSCCNCC.

Table 1—R{ Values of Purified Saponin Compounds,

Campounds Bf Values in Indicated Solvents
sopropanot Water Methanol-Water Benence
Mg saponin 0.0 0.0 0.0 0.0
0.8 - 0.6 Lt - (18 08-1.0
Ca saponin 0.0 4.0 0.0 .11
Ba saponin 0.0 0.0 0.0 0.0
Nasaponin 4.0 0.0 0 0.0
0.3 - 0.6° 07 0.9 0.9 - 047 1.0
09- 1.0
K saponin 0.0 3.0 0.0 .0
0.6 - 0.7 0.2-0.3
0.7 - 1.0
NH; saponin 0.5 -08" 0.0 0.0 .0
1.0 06 - 1.0
Beet juice
saponin i 6s 0.0 4.0 3.4
0.6 -{1L8° Q.- 035
04 - 0.7
saponin 1.0 0.0 1O 0.0
oleanolic
acid 1.0 0.0 0.0 1.0

‘Strong pink



Vou, IN. Noo 4, Janvary 1957 2497

The saponin was purified according to the method of Walker and Owens
{43. The salts of saponin were prepared by mixing purified saponin and
the respective oxide or hvdroxide of the mewd in water. Gltering and using
the filorates for the various chiromatographic tests.

Results and Discussion
The term RI as used here is the value of the ratio ol the distance
traveled by the compound to the distance waveled by the solvent. Instead
of giving the average RI for a spot, the upper and lower limits are listed
in the tables.
Table 1 reports the results obtained with purified saponin salts only.

In henzene, none of the compounds showed any mobility except oleanolic
acid. Calcium and barium saponin had 0.0 R in all the solvents. The
magnesiur saponin preparation produced a pink spot ar 0.0 RE in all four
solvents: stronger pink spots occurred at locations which matched the bect
juice saponin when using isopropanol or water, but not with methanol. In
cach case magnesium, barium, or calcium was {ound assoctated with the
pink spots produced by Mg saponin. Ba saponin, or Ca saponin.

Table 2—Rf Values of Sapenin Compounds When Beet Juice Was Present,

Campounds R Va'nes in Indicated Selvents
Isopropanol Water Methanol-Water
My saponin 4.0 4.0 0.0
0.4 - 0.6~ 0.6 - 0.8 0.0 - 0.3
0.5 - 097
Casaponin 0.0 0.0 0.0
0.4 -086 0.6- 08 02, . 0.4
0.6 - 08
Ba saponin 0.0¢ 0.0 a.0-
14 - 0.6 0.0-0.2
05-08
Na saponin 0.4 0.0 . 0.0
0204 06 -09 0.1 -0.4
0.5 -0.8°
K saponin [iA8 0.0 0.0
0.5 - 06" 0.0-02
06 - 0.8 0.5 - 0.9°
NH; saponin .3 . 0,8 0.0 0.0
1.0 streak
beet juice 4.4 - 0.6 1.0 0.0
0.6 - 08" 0.0-03
0.4 -0.7"
siponin 0.4 - 06" 0.0 4.0
[ B 6 - 08" 0.0 - 0.3
0.4 - 0.7
1o

* Strong pink
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A extensive series ol tests using all solvenes indicated that incorporation
al sucrose in the salt solutions did not abier the Ris of the various salts,

Study of Table 2 reveuls thue the Ris ol the pink spots resuliing from
the mixtures of sodium saponin and beet juice or magnesium saponin and
beet juice were similar to those ol beet juice alone in all three solvents,
The calcium saponin and barium saponin fixed some ol the mobike heet
juice saponin at 0.0 RIC probably duc 1o an excess of calcium and bartum
ions present.

Table 3.—R{ Values of Saponin Compounds When Sucrose and Ezw Albumin Were
Present,

Compounds RE Vahaes in Indicated Solvents
Isopropanol Water Methanol-Water
Nasaponin 0.0 10 0.0
0.5 - 0.6 0.5 - 0.8 0.3-0.5"
1.9
K saponin 0.0 0.0 0.0°
0.5 . 0.6° 04 .67 0.0 - 0.2
t.0
NH: saponin 0.5 - 0.6~ 0.0 (0.0
[ N ] 0.3-0.7° 0,205
Mg saponin a.0 4.0 .0
04 - 0.6° 0.6 - 0.8 a4 - 060
SApONin 1.0 0.0 1.0

Strong pink

Table 3 shows the effect of the presence of sucrose and albumin, They
secemed to affect the R values of the saponin salts, in that sodium and
muagnesium saponin moved (o positions similar o the major part ol the
saponin of beet juice, but the presence of sugar and albumin did not affect
purificd saponin.  Using Isopropanol solvent or water solvent, potassium
and ammonium saponin acted similarly to beet juice saponin, bur not with
the methanol solvent,

Beet juice was chromatographed. The pink spots resulting from treat-
ment with antimony pentachloride were cut out, ashed, and analyzed lor
sothium, potassium,  calcium, and magnesium by flame  spectrophotorneter,
Five ml of 10 percent dry substance beet juice was spotted along a four
inch line of Eaton-Dickman No. 301 paper and irrigated in two directions.
This was done in water then methanol: methanol then sopropanol; and
in water then isopropanol. The colors were developed  with antimony
pentachioride and the pink spots cut out and ashed. Blanks were also run.
Similar urcas of the blank sheets were treated in the same manner. With
the water then wmethanol frrigation. potassium was found present in the
greatost amount, some sodium, very litde calaunt and no magnesium. The
same paticrn persisted for medhanol then sopropanol, bowever, with water
then isopropanal, all were present,
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Chromatographic characteristics of saponin ol beet juice by vwo dimen-
stonal chromatography were determined in several solvent systems as follows:
a. Water then Isopropanol
I the first direction in water, two saponin spots were formed, onc at
the 0.0 RE and the other {major portion) at 0.5 RE In the second direction
with isopropanol, both spots had an Rf of 0.1,
b, Isopropanol then Water
I the first divection, only one spot appeared and that at an Rt of 0.5.

In the sceond direction in water, two saponin spots were formed one at
0.0. RI and the other at 0.7,

. Water then Methanol

In water two spots were found at 6.0 RE and av 0.6 BRI In the other
dircetion in methanel, three saponin spots were formed, one at 0.0, R
another moved out {rom the 0.0 R in the first direction to an R of 0.7,
and the third ar 0.7,

The sucrose was always nearby the major part of the heet juice saponin.
In isopropanol, saponin located itscll immediately below the suncrose, while
in water or methanol solvents, the two usually occupied the same position.

Summary
1. The R values of the saponin salts were determined.

2. Magnesium and sodium saponin produced pink spots which appear
to be similar in RI 1o part of the beet juice saponin. Sucrose and albumin
together seemed o aflect the chromatographic values of the salts,

3. Potassium, sodiwn, calcium and magnesivm were found i pink spots
of beet juice saponin by fHame spectrophotometer.

4. Beet juice saponin was separated into several wrens by two dimen-
stonal chromatography.

References
(1) Ermiacmn, Foand Revorst, Ko 1025, d-Glucuronic acid. Ber. 588: 1080-82,

{2y Haar, AL W.ovax per. 1927, Saponin and allied compounds. Rec. Trav,
Chim, 46:775-92.
{8y Ssrovrnski, Ko Z0 1935, The acd saponin of sugar-beet juice, Roczniki

Chem. 15:554-64.

(4) Warker, H. G, ], and Owens, H. S0 1953, Beet sugars acid-insoluble
constituents in sclected sampies. Jour. Agric. & Food Chem. 6:450-453.




