
530 NOTES 

plicated problems of the undesired interaction products of sugars and amino acids27928, 
and of acid reversion2o remain to be resolved. 
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Thin-layer chromatography of sugars, anthocyanins 
Kieselgel G impregnated with basic lead acetate 

and anthocyanidins on 

Thin-layer chromatography has been widely used for the separation and identifi- 
cation of microgram quantities of sugars lW35. Kieselgel G and Kieselglbr G are the 
adsorbents most frequently used, but other substrates have also been proved satis- 
factory, e.g., magnesium silicate’, calcium silicates, plaster of ‘Paris30, cellulose13s 21.-23, 
2~ 29948 and polyamide 31. To improve the separation of sugars, the adsorbent layers 
have been mostly prepared in buffer solutions of alkaline acetates or phosphates, and 
less often in borate29 49 1% lo, 34935 or sodium bisulphitel8. 
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Recently TLC of anthocyanins has been achieved successfully on several sub- 
strates; among them cellulose has been the one preferred30-“0, next Kieselgel G*1+6, 
then polyacrylonitrile-polyamide-alumina mixture& *O and finally polyvinylpyr- 
rolidone-cellulose47. As far as we know, the TLC separation of mixtures of sugars, 
anthocyanins and anthocyanidins has not. been reported. 

The purpose of this work was to ascertain if Kieselgel G chromatoplates im- 
pregnated with basic lead acetate would permit a separation of sugars from antho- 
cyanins and anthocyanidins in the analysis of low and high acidity mixtures of their 
solutions. 

ExPevimental 
Samples. Solutions of each group of the following compounds were prepared 

in : (i) methanol-water-o,02 N hydrochloric acid (30 : 50 : 20)) and (ii) methanol-water- 
IO N hydrochloric acid (30 : 50 : 20). 

A : Rutin, rutinose, glucose and rhamnose. 
I3 : Quercetin. 
C : Gentiobiose, galactose, arabinose, xylose, rhamnose, pelargonin chloride, malvin 

chloride, peonin chloride, delphin chloride, callistephin chloride, delphinidin chlo- 
ride, cyanidin chloride, pelargonidin chloride. 

D : Lactose, galactose, arabinose, glucose ; anthocyanins and anthocyanidins as in C. 
E: Sucrose, glucose, fructose; anthocyanins and anthocyanidins as in solution C. 
I?: Anthocyanins of sweet cherries (Przc~~s avimn). 
G : Delphinidin chloride, 
H : Cyanidin chloride. 
I : Pelargonidin chloride. 

The following final concentrations were used: sugars: 0.60 mg/ml; anthocya- 
nins: 0.10 rng/ml; anthocyanidins: 0.10 mg/ml; rutin: 0.10 mglml; and quercetin: 
0.05 mg/ml. 

Preparation of the #+es. 30 g of Kieselgel G “Merck” was mixed with 70.0 ml 
of basic lead acetate solution (40.0 ml of basic lead acetate solution #5 = 1.28, to 
I 1 with distilled water). The suspension was spread on five.20 x 18 cm frosted glass 
plates at a thickness of 0.25 cm. The plates were dried for I h at room temperature, 
then at 105~ for 30 min; then stored in a desiccator over anhydrous calcium chloride. 

Apfilication of the sample. Aliquots (5 ~1) of each sample solution were spotted on 
the plates at 1.5 cm intervals with a self-filling micropipette, and at 1.5 cm from the 
lower edge. The spots were dried at room temperature in a current of cold air. 

Solvents. Solvcnts.which gave the best results are listed as follows: 
I +Butanol-acetone-water-benzene-ammonia (28 Be) (20 : 85 : 15 : 5 : 0.3). 
II +Butanol-methanol-acetone-water-ammonia (28 Be) (70 : 20 : IOO : 20 : 0.3)~ 
III g+Butanol-acetone-chloroform-water (60 : 25 : 5 : IO). 
IV +Butanol-acetone-benzene-water ( IOO : xoo : 3 : 20). 
V Ethanol g5 %-acetone-ethyl acetate-ethyl ether-water (25 : 35 : 60 : 5 : 12). 
VI gz-Butanol-acetone-chloroform-water (20: go : 20: IO). 
VII Isoamyl alcohol-ethyl acetate-pyridine-water (IO : 50 : 20: IO). 
VIII Isopropanol-isoamyl alcohol-acetone-ethyl acetate-chloroform-water (40: IO: 

10:10:20:10). 
Deveto~wtent of the chvonaatofilates. Plates were developed by an ascending tech- 
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nique at 20 & 2’ to a distance of 12-13 cm from the origin in closed glass tanks lined 
with paper saturated with the developing solvent. Development took about 40-Go min. 

Detection of the sfmts. Developed plates were dried in a current of air, till most 
of the solvent had evaporated, and then returned for 15 min to a glass tank saturated 
with hydrochloric acid vapour. Anthocyanins and anthocyanidins show up as vivid 
red spots, when observed under UV light (350 nm). 

The plates are then heated at 105’ until the odour of solvent could no longer be 
detected, and tbcn sprayed with a chromogenic reagent. The reagent is made up by 
mixing 22 ml of 0.20 o/0 ethanolic naphthoresorcinol solution with I ml of 85 O/~ phos- 
phoric acid”. 

After heating at 105' for 5 min, the sugars appear against a pink background as 
vivid ‘Spots with the colours listed in Table I. 

TABLE I 
COLOURS OF SUGARS ON SPRAYING WITH NAPHTHORESORCINOL REAGENT AFTER DEVFLOPMENT IN 

NEUTRAL (A) AND BASIC SOLVENTS (B), AND FLUORESCENCE OF SPOTS 

Sugar CoZour 

A B 

Fluorescence 

Rutinosc Sea blue 
Lactose Blue-violet 
Sucrose Lilac 
Gcntiobiosc Grsy-violet 
Gdactosco G Gray-blue 
Glucose Gray-blue 
Arabinose Olive 
Xylose Olive 
Rhamnose Cherry reel 
Fructose Brick red 

Sea blue 
Violet 
Violet 
Gray-violet 
Blue-green 
Blue-green 
Olive 
Olive 
Red-violet 
Brick red 

none 
none 
none 
none 
violet 
violet 
none 
none 
none 
none 

Rewlts a& discussion 
In preliminary experiments it was noted that Kieselgel G layers without the 

addition of basic lead acetate did not permit the separation of the anthocyanins from 
sugars. Furthermore, increasing the concentration of basic lead acetate from 4 to 
20 o/o (v/v) in the solution with which the plates were prepared, only kept the antho- 
cyanins and anthocyanidins at the origin, while the sugars showed low RF values for 
all the solvents tried. 

However, it can be observed, from the data in Table II, that if the sample 
solutions are slightly acid and chromatoplates impregnated wit11 basic lead acetate 
are used, a satisfactory separation of the sugars from anthocyanins and anthocyani- 
dins is achieved. 

The RF values of the sugars in each solvent system listed lie between those of 
the anthocyanins and that of the pelargonidin. The pigments, which constitute the 
colouring matter of sweet cherries (P~WZCS aviztm) have an Rp value clearly lower 
than the sugars. 

Solvents I, II and III give a good separation of rutin from rutinose, and of this 
from its hydrolysis products, glucose and rhamnose: 

As to the different sugars, solvents 2, III, VI, VIII gave a good resolution of 
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?‘ABLE II 

RF VALUES (X 100) OF SUGARS, ANTHOCYANINS, ANTHOCYANIDINS, RUTIN AND QUERCETIN DIS- 

SOLVED IN METHANOL--M&h-O.02 iv NC1 (30: 50: 20) 

Solcttion Compoacnd Solvents 

I II IIr IV V VI VII VT3 

A 

B 

C 

n 

Rtlutin 
Rtltinosc 
Glucose 
Rhamnosc 

Qwxcctin 

Gcntiobiosc 
Galactosc 
Arabinosc 
Xylose 
Rhamnosc 
Dclphin 
Cyanin 
Malvin 
Pconin 
Pclargonin 
Callistephin 
Delphinidin 
Cyanidin 
Pclargonidin 

Lnctosc 
Galactose 
Arabinosc 
Glucose 
hnthocyanins 
Anthocynniclins 

7 
21 

30 
48 

- 

I2 

21 

30 
42 
49 

I 

(8 

82 

IO 

22 

32 
28 

1 
b 

E 

I’ 

G 

H 

I 

Sucrose 2B 

Glucose 29 
I?ructose 21 

Anthocyanins 
Anthocyaniclins I 

b 

Cherry anthocyanins 5 

Dclphiniclin 3 

Cyanidin IO 

Pclaqonid in 53 

9 
2s 

;z 

5 

15 
29 
37 

z; 

I5 
16 
22 
45 

9 

IO 

20 

26 
36 
44 

=7 
27 

;: 

24 
2s 

37 
55 

IO 

IG 

29 
36 

;: 

I’ 

II 

21 

45 

9 

5 
16 
26 
35 
43 

a 

S 
18 

40 

25 
26 

,“; 

- - - 

I4 
27 
33 
45 
51 

5 
14 
22 

32 
42 

IO 

23 
33 

45 

c9 -=7 <IO -=5 

90 95 

S 
19 
21 

24 
b 

94 85 S7 

14 
27 
34 
37 
1.1 

II 

26 

32 
37 
b 

6 5 
I7 14 
27 23 
22 IS 

11 l> 

77 

II 

24 

s3II 
I> 

31 IS 31 31 13 12 24 

3S 25 37 39 23 21 31 
23 21 23 27 19 I4 27 
I> 1, b b 1, b b 

9 7 5 9 6 S 6 

0 6 4 3 4 0 4 

2 9 9 12 7 6 S 

SI 95 95 92 8s S7 77 

11 Streaks. 
I) RI.* values as in C. 

misture C, but with no solvent, except 
be achieved. 

Sucrose, glucose and fructose are 

for VIII, could a fair separation of mixture D 

only resolved with the solvent systems I and - 
IV; while lactose, glucose and galactose with solvents II, IV, V and VIII. 

In the case of the anthocyanidins, RF value increases from delphinidin, to 
cyanidin, to pelargonidin, as their adsorption is strictly related to the number of 
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Fig. I. Chromatogram of differcut mixtures clissoIvccl in methanol-water-0.02 iV hydrochloric acid 
solution and spotted onto ICicselgcl G plates imprcgnatcd with basic lead acctatc. A - ruti n (I) ; 
rutinosc (2); glucose (3) ; rhamnose (4). B-quercctin. C- pclargonidin, rnalvin,peonin, callistephin, 
delphinidin and cyanidin at origin; gentiobiose (I) : galactose (2) ; arabinose (3); xylosc (4) ; rham- 
nose (5); pclargonidin (6). D- anthocyanins and anthocyanidins as in C, at origin: lactose (I); 
galactose (2) ; arabinose (3) : glucose (4) : pclargonidin (5). E- anthocyanins and anthocyanidins as 
in C at origin: fructose (I) ; sucrose (2) ; glucose (3) ; pelargoniclin (4). F- anthocyanins of sweet 
cherries (PYWZUS aviuun), G - dclphiniclin. H-cyanidin. I- pelargonidin. Developing solvent : 
n-butanol-methanol-acetone-water-ammonia (28 .I%) (70: 20: xoo: 20: 0.30). 

hydroxyl groups on the phenyl ring of their molecule. Solvents I and V, and especially 
III, gave well-defined and sharp spots. 

The comparison between the data in Tables II and III shows that the increase of 
the acidity of the sample solution (Table III), modifies the results of the Table II 
considerably, mostly affecting the separation of the sugars from the anthocyanins and 
anthocyanidins. This separation is now only possible with solvent V and partially with 
solvents IV and VIII ; however, solvents I and III gave a good resolution of the antho- 
cyanins and anthocyanidins with well-shaped spots. 

The increase of acidity almost always raises the RF value of the sugars above 
that in Table II; nevertheless the resolution of the sugars in mixture A, remains dis- 
crete in solvents, I, II and IV, and of mixture C in almost all the solvents, but the 
separation of the sugar in mixtures D and E is worse. 

The high RF value of pelargonidin in all solvents can ‘be attributed to the absence 
in its molecule of vicinal free hydroxyl groups, able to chelate with Pb2+. 

In conclusion it may be said that Kieselgel G chromatoplates impregnated with 
basic lead acetate allows the separation of sugars from some anthocyanins and antho- 
cyanidins, if the sample solution is slightly acid. 

With a solution of greater acidity, as is found in the ,analysis of the partial or 
total hydrolysates of anthocyanins, such a separation is still possible in some solvents, 
especially if the aglycon molecule possesses two vicinal free hydroxyl groups (Le. : 

cyanidin) . 
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TABLE III 
. 

RF VALUES ( X 100) OF SUGARS, ANTHOCYANINS. ANTHOCYANIDINS, RUTIN AND QUERCETIN DIS- 

SOLVED IN METHANOL--H.@-10 N HCl (30: 50:zo) 

Solution Cona#otmd Solvents 

I II III IV V VIII 

A 

I3 

C 

E 

F 

G 

H 

I 

Rutin 
Rutinose 
Glucose 
Rhamnose 

Qucrcetin =7 20 12 18 I5 12 

Gcntiobioso 
Galactose 
Arabinose 
Xylose 
Rhamnose 
Delphin 
Cyanin 
Malvin 
Peonin 
Pelargonin 
Callistephin 
Dclphinidin 
Cyanidin 
Pelargonidin 

Lactose 
Galactose 
Arabinose 
Glucose 
Anthocyanins 
Anthocyanidins 

Sucrose 
Glucose 
Fructose 
Anthocyanins 
Anthocyanidins 

Cherry anthocyanins 

Delphinidin 

Cyanidin 

Pelargonidin 

7 
21 

z 

I3 
24 

i’s 

1 
57 

I 

OB 

3 
9 

30 
40 
90 

IO 

21 

31 
29 

I 
0 

28 
32 
28 
0 

IO 

9 

19 

75 

IO 

36 

64: 

30 15 
IG 36 
2G 48 
55 63 

30 
27 

2: 

16 
08 
16 

45 

tJ 

I4 
22 

28 
47 
56 

On 

4 
IO 

26 
32 
41 
48 
54 
86 

26 
41 
47 
58 
64 

3”: 
36 
56 
62 

09 
I4 
21 

36 
45 

0” 0a OR 

3 G 25 

7 60 50 

84 81 75 

22 I4 
35 22 

40 28 
44 28 

b c 

28 19 

$ 339 
so 38 
c C 

7 
=4 
19 
23 
0 

35 23 43 30 I9 
45 29 so 38 16 

35 33 37 32 I7 
b C C C C 

12 

0 

I3 12 

8 9 

I4 9 

85 82 

15 

6 

I3 

62 

9 

86 

9 

9 

5 

75 

R Rp values of spots resolved, but not attributed. 
b Streak. 
0 Rp values as in C, 
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NOTES 

Finally, the detection of a sugar with the chromogenic reagent is not subject 
to interference from the anthocyanins, even if they have the same Xp value, Tllis is 
because under the detection conditions described, the reagent reveals the sugars with- 
out any reaction with the glycidic moiety of anthocyanins. 

Istituto Teclzologie Clzimiche S$eciali, U&versa% di 
BoZog?aa, Bologrta (Italy) 

P. G. PIFFERI 

x E. STAHL AND H. ICALTENBACH,J. Ciwomatog., 5 (1961) 351. 
2 IX. STAHL, 2. Anal. Cl&em,, 181 (1961) 303. 
3 G. PASTUSKA,Z. Anal. Chem., 179 (1961) 427. 
4 V. PREY, H. BERBALJC AND M. KAUSZ, Milwoclrinz. Ada, (rgG1) 90% 
5 I?. MICHELL AND 0. BERENDES, Mihrocltim. Acta, (x963) 519. 
6 E. BANCHER, H. SCHERZ AND I<. KAINDL, MiIrroclzim. Acta, (IgG4) 652. 
7 H. GRASSHOF, J. Clzyomatog., 14 (1964) 513. 
8 J. P. TORE, J. Clwomatog., 12 (1963) 413. 
g J. L. GARBUTT,J. Chyomatog., 15 (1964) go. 
IO C. E. WEILL AND P. HANKE, Anad.Chem., 34 (1962) 1736. 
II G. W. HAY, 13. A. LEWIS AND I?. SMITH,J. Chyomatog., II (1963) 479. 
12 V. PREY, H. SCHERZ AND E. BANCHLR, Mikyoclzinr. Acta, (x963) 567. 
13 A. SC?IWEIGER, J. Chyomatog., g (1962) 374. 
14 E. RAGAZZI AND G. VER~;;ESE, I;aYYnaco (P&a.), E:d. Pmt., IS (196x) 152. 
15 L. BIRKOFER,~. I<AISER,H. A. MEYER-STOLL AND F. SUPPAN,%. Nat~cvfovsclz., 176 (rg62)35z. 
16 I<. KRINSTAD, Acla Chem.. Stand., 18 (IgG4) 2399. 
17 P. G. PIFFBRI. Anal. Chew, (1965) 925. 
IS S. ADACHI. .I. Clwomatog., 17 (1965) 295. 

JACIN AND A. R. MI&IKIN; J, ChYon?atog., x8 (1965) 170. 
WALDI, J. Ckrornato~., 18 (1965) 417. 
W. VOMIXOF AND T. C. TUCKER, J. Cl~yomatog., 17 (1965) 300. 
L, WOLPROM, D. L. PATIN AND R. M. DE LEDERKRIZMER, J. Chyomatog.. 17 (1965) 48s. 
W. VOMIIOP, J. TIWITT AND I’. C, TUCKER, J, Chromatog., 21 (1966) 335. 
MASERA AND H. KASER, Minevva Pcdiat., 16 (1964) 14. 
J, SHELLARD AND G. I-I. JOLLIFFE,J. Clwomatog., 24 (1966) 76. 
GAROFALO, Mineyva Pedint,, 18 (1966) 3. 
GUNTHER AND A. SCHWEIGER, J.Chyomatog., 34 (1968) 495, 
L. WOLPROM, R. M. DE LEDERKREMER AND G. SCHWAR, J. Clwonzatog., 22 (1966) 474, 
LOMBARD, J, Ckyomatog., 26 (x967) 283. 
AFFONSO, J. CJ&yomatog.. 27 (1967) 324. 

xg H. 
20 D. 
21 D. 
22 M. 
23 D. 
24 G. 
25 E. 
26 E. 
27 H. 
2s M. 
29 A. . 
30 A. 
31 J. P. MARAIS, J, Ckromatog., 27 (1967) 321. 
32 Yu,S. OVODOV, E.V. EVTUSHENKO,V. .E.V~s~covs~y, R. G. OVODOVA AND T. I?. SOLOV'EVA, 

J. Chromatog., 26 (1967) II I. 
33 V. A, DE STEPANISAND J. G. PONTB, JR., J.Chronzatog.; 34 (1968) 1x6. 
34 C.V, PASUPATY AND R. 0. B. WIJESEICERA, J, Chyomntog., 35 (1968) 117. 
35 M. LATO, B, BRUNELLI, G. CIUFFINI AND T. IMEZZLTTI, J. Ckyomatog., 34 (IgG8) 26. 
36 T. C. SOMERS, J, Sci. Food Agr., 17 (IgG6) 215. 
37 L. DEIBNER, J, Chromatog.. 34 (1968) 425. 
38 R. PARIS AND M. PARIS, Dzcll. so& Cl&% FYance, (1963) 1597. 
3g L. DEIBNER, M.BOURZEIX AND M. CABIBEL-HUGUES, Ann. Technol. Agy., 13 (1964) 359. 
40 N. NYBOM, PiEysio& Plantayum, 17 (1964) 157. 
41 J, D. CONRADIE AND L. P. NEETHLING,J. Ckvontatog., 34 (1968) 4x9. 
42 A. D. MORTON, J.. Chyomatog., 28 (x967) .4So. 
43 I?. DRAWERT, Vitis, 4 (1963) 42. 
44 D. HESS AND C. MEYER, Z. NaZurfoYsch., I7b (1962) 853. 
45 M. TANNER, M. RENTSCHLER AND G. SENM. Mitt. (Klostevnez~bwg), SevA., Rcbc Wein, 13 (1963) 

156. 
46 L. BIRICOFER, C. KAISER AND M. DONIKE, J, Clrvomatog., 22 (1966) 303. 
47 R. E. WROLSTAD, J. Cltyomatcg., 37 (196s) 54~~ 
48 N. NYBOM, J. Clwomatog., 38 (1965) 382, ., , 

Received June gth, 1969 

1. CiJVOtiJdOg., 33 (1969) 530-536 


