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SUMMARY 

All recorded potato glycoalkaloids of the solanidine series are separated by the 
use of two reversed-phase (C, and C,,) and a silica column. The use of radially 
compressed cartridges and ethanolamine in the mobile phase enables rapid analysis in 
3-6 min. The interaction of ethanolamine and the acetonitrile concentration in the 
mobile phase with the cartridge packing is examined, and, from this information. the 
optimal mobile phase for each cartridge is determined for maximum separation and 
minimum retention time. The optimal wavelength for detecting glycoalkaloids is 
found to be 200 nm. 

INTRODUCTION 

Screening of the glycoalkaloid content of potato breeding lines is now widely 
practised’ PI following the disclosure by Zitnak and Johnston3 of dangerously high 
levels of glycoalkaloids in a newly released potato cultivar. Further. a considerable 
amount of work is in progress to devise techniques for the control of glycoalkaloid 
synthesis in potatoes. which may occur due to exposure to light. low temperature or 
Injury. Both lines of research are severly hampered by the slow and laborious meth- 
ods available for glycoalkaloid analysi@. 

Current methods of glycoalkaloid analysis virtually all depend on reactions 
with the stereoid part of the glycoalkaloid molecule and give a result only for total 
glycoalkaloids-. Moreover. lengthy extraction and purification processes are neces- 
sary in order to obtain accurate analysis. and these processes can introduce con- 
siderable errors?“. Recently, gas- li q uid chromatographic techniques have been de- 
scribed that are capable of analysis of the individual glycoalkaloids”-‘3. However. 
these methods require chromatography at high temperatures, which shortens column 
life, and lengthy hydrolysis and/or derivatization of the glycoalkaloids. Individual 
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steroida! alkaloids’* and glycoalkaloids’s may also be separated by thin-layer chro- 
matography (TLC)_ Recent work has considerably shortened the time of analysis. 
and the application of densitometers enables quantitative analysis’6*‘7, but a large 
number of manipulative and preparative steps is still necessary, and the errors in- 
volved still make TLC only semiquantitative5. 

The method with the greatest potential for quantitative glycoalkaloid analysis 
is high-performance liquid chromatography (HPLC); it has the merit of minimal 
sample preparation_ separation into individual glycoalkaloids and rapid. accurate 
analysis. Several recent papers hav-e explored the HPLC of potato Slycoalkaloids; as 
yet_ none has described a method encompassing all the merits potentially achievable. 
Hunter et al. described a preparativeI and an analyticall HPLC method for the 
individual steroidal alkaloids. Crabbe and Fryer’ found that, to separate into in- 
dividual glycoalkaloids, a bonded-phase (Carbohydrate) column was required, with 
analysis times of 15-20 min. These cohmms are easily contaminated and have a 
much shorter life than C,, and C, reversed-phase columns’. Bushway et al_” re- 
ported the separation of glycoalkaloids on bonded-phase (NH2 and Carbohydrate) 
columns. The Carbohydrate column was superior, with analysis times of 15-20 min. 
Neither group of workerssj*” could separate the major glycoalkaloids on reversed- 
phase columns. 

This paper reports the separation of glycoalkaloids on more robust reversed- 
phase columns with greatly increased speed and sensitivity of analysis. This was 
achieved with radially compressed cartridges and the addition ofethanolamine to the 
mobile phase. 

The HPLC system consrsted of’ a Waters Assoc. (Mllfbrd. MA_ L_S_A.) MA5 
sol‘\ enr-delr\ cry system. an Altes 2 10 mjector. a Waters RCIM-100 compressron 
module and a Varian LC flovv cell (Model 02-00173-00). connected to a Varian 635 
spectrophotometer. The columns used were Waters Silica. C, and C,, Radial-Paks, 
\vith 10 cm x 8 mm I-D_ cartridges of each packing used; a 10 cm x 5 mm I.D. C,, 
cartridge was also used. The volume between injection and the solvent front for the S 
mm cartridges was CU. 3 ml; for the 5 mm column. this volume was 1.5 mi. The flow- 
rate for all analyses was 3 mljmin. 

Acetonitrile of HPLC grade was obtained from Waters and ethanolamine (LR 
grade) and orthophosphoric acid (AR grade) from Ajax Chemicals (Sydney, Aus- 
tralia). Samples of r-solanine and zchaconine were obtained from Si_ema (St. Louis. 
IMO. U.S.4.). Solanidine, solanadiene and &chaconine were prepared from potato 
sprouts according to Coxon et ~1.“’ _ The remaining glycoalkaloids. fi- and ;,-solamne. 
fir- and &chaconine and y-chaconine were prepared by hydrolysis of r-solanine and 
zrhaconine. followed by TLC separation according to Lavintman et al.“. 

JX 
Separations were calculated from the resolutron (R,) equation R> = 4 

()(A) (see ref. 23). where z is the separatron factor. k- IS the capaclry 

factor and N is the number of theoretical plates calculated as 16 $ 
0 

2 
, for V = 

retention time and W = duration of peak. 
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RESULTS AND DISCUSSION 

GIwonlknloicl detection 

The column effluent was initially monitored with a refractive-index detector 
(Waters. Model 401). but sensitivity was low, the limit of detectlon (2 x noise) being 
5 j1g. 

The limit of detection was improved greatly when the column eftluent wa5 
monitored with a UV detector. The UV absorbance of glycoalkaloids is significanr 
only at wavelengths shorter than 220 nm, (previous workers have used 205-215 nmzJ 
and 205 nrn’O)_ The UV absorbance of glycoalkaloids is due to the As-double bond in 
the alkaloid portion of the molecule5; therefore. the absorbance should be identical 
on a molar basis for glycoalkaloids with a common alkaloid group. The UV spectra 
of a 1 /lg/25 j11 Injection of rl-solanine and of n-chaconine were determined and were 
virtually identical; this was to be expected_ since their molecular weights are es- 
tremely close. The maximum UV absorbance would appear to occur in the region 
190-195 nm. although high solvent absorbance did not permit operation ofthe detec- 
tor m this range_ At 195 nm and below. sugars begin to absorb significantly’l. and. 
since the UV absorbances of individual sugars vary. the equal absorbance of glycoal- 
kaloids on a molar basis no longer applies. The optimal wavelength for detection and 
quantitatlon of glycoalkaloids without interference from sugars was therefore 200 
nm. The absorbance at 200 nm was only 7% lower than that at 195 nm, and, further. 
the high background absorbance of the solvent was reduced. Detection of glyco- 
alkaloids at 200 nm with acetonitrile-water was 55% more sensitive than that with 
methanol-water at 205 nm (ref. 5) and 960% more sensitive than that with tetra- 
hydrofuran-water-acetonitrile at 215 nm (ref. 20). The limit of detection at 200 nm 
was 0.1 pg, a considerable improvement over that with a refractive index detector_ 

The present work confirmed the difficulty of separating a-solanine and r-chaco- 
rune with a FBondapak C,, column’,“, although addition of ethanolamine to the 
mobile phase resulted in a slightly forked peak. As separation was still inadequate. 
C,, Radial-Pak cartridges were assessed with encouraging results. but retention times 
were lengthy and the effect of ethanolamine was unpredictable. In order to under- 
stand the effect of ethanolamine more clearly and to reduce retention times. mobile 
phases of varymg acetonitrile and ethanolamine concentrations were examined for 
the three packings available in Radial-Pak cartridges. 

Imtially, a negative peak occurred after the solvent front with some mobile 
phases contammg ethanolamine. This was caused by too rapid addition of the ortho- 
phosphoric acid when adjustin g the pH of the mobile phase from 1: to 3-5. which 
was the optimal range for peak shape and background absorbance. A reaction in the 
solkent mixture of ethanolamine with high concentrations of orthophosphoric acid is 

the most hkely cause of this problem. as slow addition of orthophosphoric acid to the 
mobile phase (with thorough mixing) prevented the negative peak. This solvent mix- 
ture is most likely to be unstable at higher ethanolamine and acetonitrile concentra- 
tions due to the insolubility of ethanolamine under these conditions_ 

Addition of ethanolamine to the mobile phase greatly improved the speed of 
analysis (Fig. la-c)_ The retention time of crchaconine on the C, cartridge was re- 
duced from 18.4 min with a mobile phase of acetonitrile-water (60:40) and 0.01% 
of ethanolamine to 1 S min with the same mobile phase containing 0.2 ok of ethanol- 
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Fig. 1. Effect of concentration of ethanolzmine and acetonitrile PrOpOrtion on retention time. (a) C,, 8- 
mn urtrdge; (b) C, S-mm catridge. retention time for a&aconine (which elutes last from Czs and C, 
caruidgs): CC) Silica S-mm catridge. with reremion time for z-solaninr. 3s this e!utes ian from this 
f.zxtrictge_ Ethza~hmine conce~tration~r m 0.01 “/,: A. 0.05 %: e, 9.1 :%,: e. o-z%,- 
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amine. Moreover, the ratio of resolution (R,) to retention time (tR) or Rs/tR, is greatly 
improved from 0 without ethanolamine (no separation) to 0.75 with 0.2 o/0 of ethanol- 
amine. 

The levels of acetonitrile and ethanolamine in the mobile phase also affected 
retention time and resolution. For example, with the C, cartridge and the mobile 
phase containing 0.05 % of ethanolamine, RJtR was 0.3 for acetonitrile-water (80:20) 
0.43 for (70:30) and 0.05 for (40:60). With the C,, column, the maximum of RJtR was 

at aceronitrile-water (60:40). whereas R,/t, for the Silica column was increased with 
concentrations of acetonitriie and ethanolamine up to the limits of solubility of etha- 
nolamine in acetonitrile-water. These limits are 9O:lO for 0.01 ‘;A of ethanolamine. 
SO:20 for 0.05 7;. 75:25 for 0.1 7; and 65135 for 0.21;,. 

Opti~mri mobile-phase cornposition for- separation oj u-3olarriile cd x-chconirle 
An R, of 1.25 for u-solanine and z-chaconine was considered adequate for 

analytlcal work, and the optimal mobile-phase composition that minimised retention 
time but still achieved this separation was determined for each column. The optimum 
mobile phase for the C,, cartridge was acetonitrile-water-ethanolamine 35:65:0.2; 
for the C, column. the proportions were 50:50:0.2. However, at 200 nm, these mobile 
phases had high UV absorbance due to ethanolamine. At 0.1 7; of ethanolamine, this 
problem was eliminated, the optimal mobile-phase composition then becoming 
55:45:0.1 for C, and 45:55:0-l for C,,. A 5 mm I.D. C,, cartridge gave eken more 
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Fig. 2. HPLC separation of glycoalkaloids of the a-solanine and a-chaconine series. Conditions of chroma- 
tography: (a) a-Solanine hydrolysate, C,, - 5 mm cartridge. mobile phase acetonitrile-water-ethanolamine 
(45:55:0.1), a.u.f.s. 0.025. (b) a-Chaconine hydrolysate, other conditions as in (a). (c) a-Solanine hydro- 
lysate, Silica S-mm cartridge, mobile phase proportions 77.5:22.5:0.05, a.u.f.s. 0.025. (d) a-Chaconine 
hydrolysate. other conditions as in (c). Peaks: I = a-solanine; II = /?-solanine; III = T-solar&e; IV = z- 
chaconine; V = B,chaconine; VI = &chaconine; VII = y-chaconine; VIII = solanidine; IX = soia- 
nadiene. 
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rapid analysis with the latter mobile phase, without any si_gnificant loss of resolution 
compared to that from the S mm I.D. C,, cartridge. 

The Silica cartridge showed a behaviour different from that of the Ct, and C, 
reversed-phase cartridges At high acetonittile concentration ( >60 72). the order of 
elution from this cartridge was the reverse of that from the C,, and C, cartridges. a- 
chaconine being ehmed first and being separated from rx-solanine. At a lower acetoni- 
wile concentration ( < 50 ‘3.;). the column operated in a reverse manner, z-solanine and 
z-chaconine being eluted as one peak. followed by the less polar solanidine. The 
optimal mobile phase composition for the separation of a-solanine and z-chaconine 
was established as 77.5:22.5:0.5. For masimum sensitivity. although without separa- 

_ __ 
tion of z-solamne and z-chaconine, the optimal composition was 43:35:0.1_ 

Se_puraEion of other &I-coalkaloids in the solanidifre series 

Besides sr-soIanine and z-chaconine. significant levels of &-chaconine and sola- 
nidine can occur in potato extracts 15-‘5 Therefore, the optimal mobile phase-car- _ 
tridge combinations established for the separation of z-solanine and cr-chaconine 
lx-ere tested with other glycoalkaloids; the results (for the C,, column only are pre- 
sented in Figs. 2a and Zb_ However_ the C, column is also capable of separating the 
hydrolytic products of both z-solanine and rr-chaconine. The separation of the com- 
bined products of r-solanine and r-chaconine hydrolysis is possible. except for ;‘- 
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Fig. 3. Separation of glycoaikaloids of potato tubers (cv. Pentland Crown). GlycoaIkdoids were extracted 
with 2 y0 acetic acid, precipitated with ammonia, redissolved in 1 ml of 2 y0 acetic acid and drawn through a 
fi!ter tip of porosity 2 crm (Supelco, Ekllefonte, PA. U.S.A.)_ Conditions of chromatography: (a) Cts 5-mm 
cartridge. mob& phase acetonitrik-water-etba~oknine (45:55zO_l). a.u.fs. 0.025; (b) C, S-mm cartridge, 
mobile phase 55:45:0_1. a.u.f_s_ 0.025: (c) Silica 8-mm cartridge, mobile phase 77.5:22_5:0_05, a.u.f.s. 0.025: 
(d) Silica S-mm cartridge, mobile pbasc 45:55zO.O1. a.u.f.s. 0.05. 
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solanine and PI-chaconine, which have similar retention times. Solanidine and sola- 
nadiene were retained on the reversed-phase cartridges with all mobile phases tested. 

On Silica cartridges, separation and peak shape of the hydrolytic products are 
not as good as with C,, and C, cartridges (Fig. 2c and d). However, the hydrolytic 
products of both cr-solanine and cr-chaconine were separated, except for &,- and /j-- 
chaconine, which were eluted as one peak. The separation of all combined hydrolytic 
products was not possible, as j?- and a-solanine have retention times similar to z-. and 
to /I,- and P,-chaconine, respectively_ Unlike the reversed-phase cartridges. both sola- 
nidine and solanadiene can be eluted and Separated with the Silica cartridge at the 
same time as higher-order glycoalkaloids (see Fig. 2d). 

Analysis oj tuber- extracts 

The methods developed were evaluated with aceflc acid extracts from a cultivar 
thar contained higher than normal levels of P2-chaconine and solanidine (levels per g 
FW in this sample were cK-solanine 54_4flg, /I,-chaconine 79.6 pg. jIz-chaconine 9.7 fig 
and solanidine 10.8 pg). On the reversed-phase C,, and C, packings, the peaks were 
clearly separated from the solvent front with adequate resolution of z-solanine, I- 
chaconine and /?,-chaconine; however the solanidine peak was not eluted (Figs. 3a 
and b). On the Silica column, with the 77..5:22.5:0.05 mobile phase. all four com- 
pounds were eluted with acceptable resolution (Fi g. 3~). With the 4555:O.l solvent 
mixture. a-solanine. a-chaconine and pz-chaconine were eluted as one peak. sola- 
nidine following shortly afterwards (Fig. 3d). Where only total glycoalkaloids are 
required. this column-mobile phase combination is desirable. both for its speed and 
increased sensitivity of analysis. 

This work reports for the first time a rapid separation of all known glycoal- 
kaloids in the solanidine series, including the separation of /I’,- from b,-chaconine. 
Similar separations have been made by TLC, but analysis times of up to several hours 
are required”*“*‘“. For routine analysis of potato glycoalkaloids. the reT.-ersed-phase 
cartridges are recommended. owing to their robust characteristics and long life. These 
should permit a routine 3-min analysis time. although, when significant levels of /1?- 
chaconine are present. the time of analysis may be 5 min. When solanidine is ex- 
pected, the Silica cartridge should be used, either with 45 ‘:b of acetonitrile. which 
elutes a-solanine and a-chaconine as one peak followed by solanidine (analysis time 4 
min), or with 77.5:,:, of acetonitrile, which elutes solanidine first. followed by %- 
chaconine and a-solanine peaks (analysis time 6 min). 
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