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SUMMARY

The determination of a number of impurities in neohesperidin dihydrochalcone
is described, as well as the determination of neohesperidin dihydrochalcone in food
products. A reversed-phase chromatographic system is used, with octadecyltrichloro-
silane-treated silica gel as chemically bonded stationary phase and methanol-water as
mobile phase; a detailed procedure for preparing the packing material is given, and
the dependence of the amount of bonded stationary phase on the humidity of the silica
gel before the bonding reaction is shown. The glass column was packed at 350 atm
in a steel pressure vessel, with use of a slurry-packing technique; details are given of
the pressure vessel and of the packing method. Chromatograms are reproduced to
show the performance of such columns in this type of analysis.

INTRODUCTION

Neohesperidin dihydrochalcone (NHDC) (IV) is a non-nutritive, intemse
sweetener of potential interest to the food industry. It is approximately 2000 times
sweeter than sugar and might be used in soft drinks, yoghurt, chewing gum and many
other food products in which the use of sugar is undesirable. NHDC is prepared by
treating naringin (I), the bitter principle of grapefruit, with alkali to form phioro-
acetophenone-4-8-neohesperidoside (II), which undergoes aldol condensation with
isovamnillin to form neohesperidin (III). The dihydrochalcone derivative NHDC (IV)
is obtained by hydrogenation of nechesperidin®-2.

As well as NHDC, the final product may contain small amounts of I, II, IT1
and naringin dihydrochalcone (V), dependmg on the reaction conditions and on the
extent of purification.

These closely related compounds have been separated by thin-layer chromato-

- graphy (TLC) on polyamide, by paper chromatography and by paper electrophoresis?.

Plastic foils pre-coated with cellulose were used by Robertson ez el to separate all
. but NHDC and V. In the absence of interfering compounds, Linke* determined
NHDC quantitatively by measuring (at 405 nm) the absorption of its complex with
2-aminoethyldiphenylborate. As TLC is rather cumbersome and insufficiently accurate
for the quantitative determination of NHDC and related products, we have developed
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a liquid chromatographic (L.C) method for the determmanon of impurities in NHDC
and of NHDC in food products .

EXPERIMENTAL

Apparatus

The LC apparatus was constructed from commercially available components
and has been described previously®. The UV detector used to monitor the eluent at
280 nm was an LDC Model 1285 (Laboratory Data Control, Rxwera Beach, Fla .
U.S.A)).

The pressure vessel used to pack the glass column is made from stainless-steel
tubing and sbown in Fig. 1. For practical purposes, this vessel is assembled in two
sections. The end flanges (M), each with four symmetrically positioned holes, are
welded to the ends of the stainless-steel tubes. The chromatographic column (A) and
the reservoir tube (B) are hic,h—precision' KPG-tubes® with an O.D. of 12 mm and an
I.D. of 3 -=0.02 mm and 5 - 0.02 mm, respectively; these glass tubes are available
in standard iengths of 250 mm and 500 mm (Gebr. Mdller, Ziirich, Switzerland). The

‘infet plug (D), the outlet plug (F) and the union (E) are made of PTFE. The pressures
- in the space N and column A are equalized by means of a channel intersecting at
right angles with the axial bore of the inlet plug. The end of column A is closed by a
PTFE frit (C). A diaphragm-type pulsating pump equipped with a 3-mm plunger
{Crlita Dosiertechnik, Gxessen, G.F.R)) is used to force the sluity into the chroma- -
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Fig. 1. Cross-section of apparatus. A = Chromatographic column; B = reservoir tubz; C = PTFE
frit; D = inlet plug; E = union; F = outlet plug; G = pressure vessel; H = head flange; I =
bottom flange; K = inlet capillary; L = outlet capillary; M;—M_; = end flanges; N == space; O =
PTFE gasket.

Fig. 2. A = Chromatographic column; B = LC-inlet; C = aluminium jacket; D = PTFE inlet
plug; E = PTFE outlet plug; F = nut; G = steel interface.

tographic column; the maximum flow-rate of this pump is 630 ml/h at 2 maximum
output pressure of 350 atm. The pressure in the system is monitored by a bourdon-
type pressure gauge (Type 232, NG 100, Manometer, Lucerne, Switzerland). All
connecting tubes and fittings (Swagelok) are of stainless steel.

Materials v

LiChrosorb SE 60, an irregular silica with a particle diameter of 5 um and an
average pore diameter of 60 A (E. Merck, Darmstadt, G.F.R.) was chosen as a basis
for preparing the C,g packing material. Toluene (Merck), acetone (Merck) and
methanol (Fluka, Buchs, Switzerland) were of analytical-reagent grade and were used
without further purification. The octadecyltrichlorosilane was obtained from Aldrich ~
(Milwaukee, Wisc., U.S.A.) and was used as received. The lithium chloride used to
prepare a saturated solution was of purum quality (Fluka).

' Preparation of column-packing material
The chemical bonding of octadecyl groups to silica gel has been described by
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several authors““3 and as shown by Ma;ors and Hoppf:r5 the humldxfy of the gelf
influences the type of bonding. We prepared our packing material in the following

manner. Before the bonding reaction, the silica gel is conditioned to arelative humidity

of 15% by placing it over a saturated solution of lithium chloride in a desiccator. A

3-g portion of this silica was placed in a 250-ml round-bottomed flask, .and 100 m!

of a 5% solution of octadecyltrichlorosilane in toluene were added. The resulting

slurry was de-gassed for 1S min at room temperature by carefully evacuating the

reaction vessel, then the vacuum - slaced by nitrogen, and the flask was immersed

in'a water bath at 90°. The flas’ >wly rotated to prevent sedimentation and kept
at this temperature for 5 h, the .~ -action mixiure was cooled to rocn temperature

and the slurry was filtered on a glass frit. The product was washed at least five times

with toluene and then rinsed with acetone, and the chloro-groups of the stationary

phase were converted into methoxy-groups by washing the material several times

with methanol until no hydrochloric acid could be detected. It was then rinsed with

acetone and dried, at room temperature, by passage of dry nitrogen through it.

Preparation of the column

The high-pressure slurry-packing techmque has been used successfully to pro-
duce efficient columns with small particles for high-performance LC'®72, Since glass
columns cannet withstand the filling pressures (over 350 atm), packing is carried out
in a pressurised vessel (Fig. 1) in which the pressure outside the column is equal to
the filling pressure. The column A and the reservoir tube B are connected by the union
E, frit Cis inserted, and outlet plug F is attached. The two halves of the pressure vessel
are connected with four bolts, and an annular gasket (O) made from 1-mm PTFE
sheet, is used for sealing. The column A, with the connected reservoir B, is pushed into
the pressure vessel (G), the botiom flange (I) is bolted to the flange M., and outlet
capillary L is inserted through flange I into plug F. The connection of capillary L in
plug F must be very tight in order to prevent Ilquld from leaving the pressure vessel

- without passing through column A. :

The column, reservoir and space N between them and the vessel wall are now
filled with methanol. The methanol in the reservoir is then taken out and added to
approximately -3 g of the packing imaterial in a beaker to form a slurry, and this is
poured into the reservoir tube, care being taken to minimize the formation of bubbles.
Inlet plug D is then pushed into the reservoir tube, and fiange H is bolted to flange’
M, the joint being sealed with a PTFE gasket. Finally, the pump is connected with
inlet capillary K, through which the whole system is pressurized with methanol as
rapidly as possible. The slurry is thereby forced from the reservoir into the column;
usually, 2 h of pumping at 350 atm are sufficient to pack the column.

"Instead of methanol, any other solvent of medium or high density may ‘be
used with practically no adverse effect on the plate number, provided that the tlme
between filling the reservoir and pressurizing the whole system is short.

The connection of the glass column to the L.C inlet (Precision Sampling, Baton
Rouge La., U.S.A.)is made by means of a PTFE plug, asshown in Fig. 2; the purpose
of the alumxmum jacket is to squeeze the PTFE parts- and the glass column tightly
togetner The inlet caplllary of the LC det tector is pushed du-ectly into the outlet pluc.

Sample preparation for determmatzon of NHDC o
Soft drinks. The analyses of 2 tonic and a cola product are quoted as 1hustra-
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“TABLEI

COMPOSITIONS OF SOFT-DRINK SAMPLES
.Component . Content in Content in
R fonic, % - cola, %
Sugar syrup (85° Brix) 6.3 34
Fructose syrup (70° Brix) — 3.0
Citric acid 09 - —
Phosphoric acid - 0.09
Quinine hydrochloride T 086 -
Potassium sorbate - 001 0.01
Sugar colour (“Maizena’’) — 0.24
Cafieine — 0.02
Flavouring 0.06 0.05
‘p-Gluconolactone 0.02 0.02
NHDC. 0.0016 - 0.0018
Ethanol 0.1 0.1
Water 92,0 93.1

. s NN

o ks min o ) 20 min

Fig. 3. Separation using 40%, methanol-water as mobile phase at 0.8 mi/min. Peaks: 1 — phloro-
" acetophenone-4"f-nechesperidoside (400 ng); 2 = naringin (300 ng); 3 = neohesperidin (200 ng);
= maringin dihydrechalcone (500 ng).
_Fig. 4. Separation using 409 methanol-water as mobile phase at 0.8 ml/min, Peaks: 1 = phloro-
‘acetophenone-4’f-neohesperidoside (0.2%); 2 = neohesperidin (0.02%); 3 = naringin dihydro-
- chalcone (0.25%); 4 = NHDC (99%). o :



7 TABLE II Coe T : :
QUANTITATIVE DETERMINATION OF NI{D‘“ IN SOFT DRINKS

Soft drink - NHDC added, - NEDC ,qwrd

pglmi . pglml

Tonic i : .

No. 1 63 6.3

No. 2 104 10.5

No. 3 16.7 ‘16.3
Cola . -

No. 1 1.5 12.8

No. 2 15.6 ’ 16.0

No. 3

73 8.2

tions of the method. The soft drinks analysed had the compositions shown in Table 1.

The only preparation of the sample consisted in shaking it well, in order to remove

" all carbon dioxide. Samples {each 20 gl) were analysed directly, 2 sample of pure
NHDC being used as external standard under identical conditions.

 Yoghurt. A strawberry-flavoured skimmed-milk yoghurt containing 7% of

fresh strawberry pulp and 75 ppm (75 refg) of NHDC was analyzed. To 5 g of this

yoghurt in a centrifuge tube were added 5 ml of acetone (puriss p.a.), the contents

I

NHDC.

5 T® . Zowmm 8 oo % mn
Fig. 5. Ch.romamgram of 20 ul of tomc 40 / m“thanol-waterasmobﬂ.. pbase at OSmI/mm ’

Fxg 6. G‘!romatogram of 20;11 of cole; 49 % metha.no!——water as mobzle ph& at Q.8 ml/mm
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-were: 1mxed vzgorously for 3 min, and nhe tube was then centnfuced at 4500 g for
10 min.. The clear acetone layer was transferred to a 10-ml volumetric flask, the

. residual matenal was s:mﬁariy extracted with another Sml of acetone, and the
combined acetone iayers were dituted to 10 ml with acctone. A 10zl portion of this -
soluticn was injected into the hqu[d chromatograph; the NHDC content was deter-
mined by using pure NHDC as external standard under identical conditions.

Chewing gum. A 1-g portion of chewing gum was cut in small pieces and dis-

- ‘solved in 10 mi of chioroform (Siegfried, Zofingen, Switzerland) by stirring with a
magnetic stirrer at room temperature for 40 min. The turbid solutiom was then
extracted with three 5-ml portions of water, the combined aqueous exfracis were
centrifuged for 5 min at 4500 g, and 10 gl of the clear supernatant layer were in-
jected into the liquid chromatograph. Pure NHDC analyzed under the same condi-
tions was used as external standard. The chewing gum used to evaluate this procedure
had the following percentage composition: Yalaco chewing-gum base, 30.0; sorbitol,
64.5; mannitol, 5.0; anise flavour, 0.5; and NHDC, 0.05.

RESULTS AND DISCUSSION

“The separation of a standard mixture of the common impurities of NHDC is
shown in Fig. 3. By reducing the methanol content of the mobile phase, the separation

| |
H
i

O omn o Zomih O 20 min’

" Fig. 7. Chmmatograms of yoghturt extracts: A first extraction; B = second extraction; C = third
’extracﬁcn Separauon using 40 / methanol-water as mobile phase at 0.6 ml/min. :
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of natmgm from neohespertdm can easxly be 1mproved but thls is not usuaﬂy fieces-
_sary, because, after hydrogenation; naringin is completely converted into naringin di-
hydrochalcone. A typical chromatogram of NHDC (purity 99 %) is shown in Flg 4.
For the determination, an external-standard method is used, peak heights in the
sample chromatogram being compared with those in ch;omatograms of reference ,

" solutions analysed under identical conditions. .
' The results of determinations of NHDC in three samples of tomcs and three

~ of cola are shown in Table II, and Figs. 5 and 6 represent typical chromatograms of
such soft-drink analyses. With samples of tonic, the analysis time could be reduced
by adding more methanol to the mobile phase or by Lsmg chermcally bonded phenyl
instead of octadecyl groups as stationary phase.

Four independent analyses of a yoghurt sample contalmna 75 pglg of NHDC
gave results of 74, 80, 72 and 73 pg/g of NHDC, an average of 74.7 ug/g. The chro-
matograms of the extracts after one, two and three extractions with acetone (see Fig.
7) show that two extractions are sufficient to remove the NHDC. In our experiments,

-the results of single determinations differed by less than 1094 from the theoretical

NHDC
L Bii NHDC
6 20 mmn & ~ %o mn ;u S
A . B O/v o 20 . - min

Fig. 8. Chromatograms of chewmg-gum extracts. A =first ext-éeﬁon, B = second extract:on
C = third extraction; D = fourth extraction. Sepa.rauon u:mg 40 / methanol—water as mobﬁe
‘phase at 0.6 mi/min. :

Fig. 9. Chroimatogram of 10 ol of combined chewm; -gu:n extracts. Separatmn usmg 40 / methanoi-- -
water as mobile phase at 0.6 mi/mib. - =
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value, and I,ug/g of NHDC could be clearly distinguished from .the background
fluctuations. -

- Within the range 0 to 2000 pg of NHDC per gram of chewing gum the
proposed extraction method gave peak heights proportional to the NHDC concen-
tration. As shown in Fig. 8, three extractions are necessary for quantitative deter-
mination. The yield of the first extraction could be improved by using aqueous
0.1 N sodiem hydroxide instead of pure water; however, in some instances, this led
to extraction of an additional impurity, which interfered with the determination. The
chromatogram of a typical determination is shown in Fig. 9. The resulis of single

- determinations were within 4-109 of the theoretical values.

The same chromatographic system can be used for all these separations, with
40 A, methanol in water as mobile phase. The preparation of the packing material is
simple and reproducible. It is essential to moisten the silica gel before the bonding
reaction; the use of dry silica gel was the least satisfactory in every aspeci. By con-
ditioning the gel to a definite humidity, the amount of bonded stationary phase can
be increased. This, in turn, increases the capacity of the column, which is desirable
for the relatively large amount of sample (e.g., soft drink) injected. The humidity
controls the extent of the polymerization, since the silane contains three reactive
sites, and cross-linking and/or linear polymerization reactions may occur. From ex-
periments, we know that some surface hydroxy-groups still remain accessible, but
we found it unnecessary to mask them by treating the packing material W1th chloro-
trimethylsilane.
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