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ABSTRACT

The liquorice plant ( Glycyrrhiza glabra L., formerly Liquiritae officinalis
Moench) has been used by physicians and herbalists since the earliest of times.
Many of the early claims for the effectiveness of liquorice extracts, decoctions
and potions have been shown by modern science to be credible, a root
component (glycyrrhizin) being generally regarded as the major biologically-
active principle. Liquorice extracts (in pharmacy called succus liquiritae) are
currently used mainly in the tobacco, pharmaceutical and confectionery
industries; because such extracts contain glycyrrhizin there is a need for
accurate methods for its estimation, in both crude isolates and finished
products. The purpose of this review is to briefly describe the background to
current interests in liquorice, to indicate the origins and usage of liquorice
extracts and to discuss the composition of liquorice, with particular emphasis
on glycyrrhizin. Current methods for the analysis of glycyrrhizin will be
considered and the levels found in liquorice roots, extracts and a range of
products indicated. Brief mention will also be made of human exposure levels
and the possible risk 10 human health as a result of consuming liquorice-based

products.
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INTRODUCTION

Liquorice is one of the most widely investigated of the economically-
important medicinal plants. Earliest recorded references to the plant relate
to its wide-ranging therapeutic properties. Today it is harvested for its
below-ground parts which form the basis of products used in the tobacco,
confectionery and pharmaceutical industries (Leung, 1980).

In this paper the origins and uses of liquorice and its products are
described and the chemical composition discussed. Particular emphasis will
be placed on glycyrrhizin, which is of considerable economic, industrial and
scientific importance as a result of its sweet taste, pharmacological
properties and toxicity. Methods of glycyrrhizin analysis, its levels in foods,
beverages and other products and its likely human exposure will be
described. Following a brief mention of the biological properties of
liquorice, its extracts and components, the possible safe exposure levels will
be considered. In a complementary paper, the pharmacological and
toxicological properties of liquorice will be reviewed in depth (Lutomski et
al., 1990).

HISTORICAL PERSPECTIVE

The interest and attraction of the liquorice plant (Glycyrrhiza glabra L.) to
early man was, as in many other instances, more related to its medicinal
properties than its culinary or flavour potential. Moore et al. (1984) have
advocated the use of fecal odorgrams as a means of partially reconstructing
ancient diets. The odours of liquorice, detected in coprolites dating back to
beyond 4000 BC, was suggested by these authors to result from ingestion of
Glycyrrhiza lepidota(American liquorice) or Osmorhiza obtusa (sweet cicely),
both of which are believed to have featured in the diet of prehistoric
American populations.

According to Wheelwright (1974) the earliest written reference to the use
of liquorice as a medicine is contained in the Codex Hammurabi, dating
from 21008c. The curative properties of liquorice were certainly well
known to the Assyrians (Lucas, 1966) and Thorwald (1966) has reported that
Arad-Nana, personal physician to King Asahadon (680-669 BC), son of
Sennacherib, prescribed liquorice for the relief of rheumatic, and other, pain.
References to the effectiveness of liquorice are contained in the ‘Shen nung
Pen t'sao King’, the first Chinese herbal, where it is included in the list of
drugs of the first class and recommended for its life-enhancing properties
and godly influence on the body.

The fame of the plant spread westward from Mesopotamia, and
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Hippocrates (4308c), Theophrastus (322Bc) and, later, the Elder Pliny
(aD79) all commented on its healing effect on ulcers. The writings of these
authorities, and in particular the ‘De Materia Medica Libri Quinque’ of the
1st-century Greek military physician, Dioscorides, had great influence
on successive generations of doctors and herbalists, including the Arab
pharmacognosist Ibn Baithar (13th century), Conrad von Mengenberg (14th
century), and the 16th and 17th century herbalists Paracelsus, Lonicerus,
Gerard, Mattiolus and Culpepper. Gibson (1978) has indicated some of the
uses ascribed to liquorice in these works and has emphasised the extent to
which many early claims for its effectiveness have been substantiated by
recent research.

Grocer—apothecaries, importing spices and medicinal herbs containing
liquorice, were probably the first to combine the juice with honey and sugar,
and liquorice pastilles, cast in crude moulds, later became familiar towards
the end of the Middle Ages. Extruded liquorice sweets were said to be
introduced into The Netherlands in the early 17th century, and a century
later ‘salty liquorice’ containing ammonium chloride was produced in
France (Nieman, 1974).

THE LIQUORICE PLANT

Liquorice, a leguminous shrub having a height of 70~200 cm, occurs mainly
in sub-tropical regions where it grows wild and is also under cultivation. The
commercially-important parts of the plant from which extracts are made
are the long, tangled roots and creeping underground stems. According to
Perrot (1944) there are four main varieties.

Glycyrrhiza glabra L. var. typica Reg. et Herd., having blue flowers and
being found in the Mediterranean and Caucasian regions. Frequently
termed Spanish or Italian liquorice, it was this variety that was cultured in
Pontefract and used by Dunbhill (see below).

G. glabra L. var. violacea Boiss. (Persian or Turkish liquorice) and G.
glabra L. var. pallida Boiss., both found wild in the regions of old
Mesopotamia.

G. glabra L. var. glandulifera (Waldst. et Kit.) Reg. et Herd. (sometimes
called G. glandulifera, G. hirsuta or G. brachycarpa), having violet flowers and
occurring in Hungary, Southern Siberia, Turkestan and Afghanistan, from
which the common name Russian liquorice is derived.

In addition, reference is sometimes made to Mongolian or Chinese
liquorice (G. uralensis Fisch.) and Manchurian liquorice (G. pallidifiora

Maxim), but these are regarded as separate species of Glycyrrhiza (Amirova
& Kir'yalov, 1989). .
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According to Cikov (1976), G. glabra L. var. glandulifera, G. uralensis
Fisch. et Mey and G. korshinski Grig. are used in Soviet medicine. G.
uralensis grows in the southern part of Asia between the Urals, Mongolia
and China. It has bigger flowers, in thicker clusters than those of G. glabra.
G. korshinski, which is endemic along the banks of the Volga, Ural Tobola,
Iszima and Caryca rivers, has smaller leaves and fruit than does G. uralensis
(Siskin, 1963). Multiplication is usually by root cuttings or division of the
crown, although it may occasionally be achieved from seed. In the natural
state, plants are found in deep, moist soil in environments where the late
summer is both hot and dry. Cultivated crops are initially watered, but
thereafter require little husbandry until being harvested in the third or
fourth year. The roots and underground stems are cut into sections, the tops
being used as a compost, the remaining root material being the basis for the
next generation of plants. Depending upon local practice, the harvested
roots may be peeled and dried before being processed to yield the extracts,
powders or glycyrrhizin of industry (Morton, 1977).

COMPOSITION OF LIQUORICE ROOT
Proximate composition

Duke (1985) gives the proximate composition of liquorice root as 20%
moisture, 5-24% glycyrrhizin (a triterpene glycoside considered to be the
main biologically-active principle, see below), 3-16% sugars, 30% starch
and 6% ash. However, the exact composition varies greatly according to
species, cultivation conditions, growth environment, etc. Thus Vondenhof et
al. (1973) have examined sixteen samples of liquorice from a variety of
origins. Glucose contents varied between 0-15 and 415%, and those of
fructose and sucrose between 0-5 and 4-1% and 1-5 and 20-3%, respectively.
Four samples, including three from Turkey, contained maltose (0-1-0-6%).
In addition to these low molecular weight carbohydrates, the authors noted
the presence of polymeric substances, including soluble starches and
dextrins. According to the results of an investigation of Moldavian liquorice
(Muchnik, 1976), the contents of glycyrrhizin, sugars and extractives
increased with the age of the plant and were highest in the horizontal roots
and tap roots. Maximum levels were found in the hottest periods of the year,
which also corresponded to the termination of flowering. Based upon these
and other data, the author suggested that roots should be gathered at the
end of the third season, when glycyrrhizin and sugar levels were ~ 11 and
~15%, respectively.

Of especial significance are the flavonoids and isoflavonoids, chalcones
and coumarins whose structures are shown in Fig.1 (Lutomski, 1983).
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Fig. 1. Constituents of liquorice: glabrene (I), formononetin (II), glabrol (II1), isoliquirit-
igenin (IV), liquiritigenin (V).

Glabrene (I) is unusual in possessing an isoflavene skeleton, whilst
formononetin (II) possesses oestrogenic activity. Glabrol (IIT) shows potent
activity against the Staphylococcus aureus and Mycobacterium smegmais,
and the spasmolytic activities of isoliquiritigenin (IV) and liquiritigenin (V)
are considered by many to be responsible for the gastric-ulcer-healing
properties of liquorice (Lutomski et al., 1990). A number of other phenolic
constituents of liquorice are listed in Table 1.

Mitscher et al. (1980) have found O-acetylsalicylic acid in liquorice
and have speculated that its presence might contribute to the therapeutic
properties of the plant and its aqueous extracts. Whilst glycyrrhizin
(VI, Fig. 2) is by far the major saponin in Glycyrrhiza species, Price
et al. (1987) have listed twenty triterpenes which have been reported,
often in trace amounts, suggesting that the saponin profile may actually be
much more complex. In agreement with this, Kitagawa et al. (1988)
have recently described five new oleanene-type saponins isolated from
G. uralensis of Chinese origin. These totalled <0-06% of the dried root,
compared with 3-6% glycyrrhizin. The authors further reported another five
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Phenolic Constituents of Liquorice

Flavonoid, Isoflavonoid
Licoricidin®

Glabridin®
3!.0-Methylglabridin
4'-0-Methylglabridin
Phaseollinisoflavan
Hispaglabridin A
Hispaglabridin B
Glabrene
Licoisoflavone A*
Licoisoflavone B®
Licoricone®
Neoliquiritin

Prunetin
Formononetin
Saponaretin (isovitexin)
Kumatakenin
Licoflavonol
Liquiritigenin
Liquiritin

Liquiritin apioside
Glabrol®
3-Hydroxyglabrol
Glabranin
Pinocembrin
Licoisoflavanone
Genkwanin
Licoflavone®
4-7-Dihydryoxyflavone®

Coumestan
Glycyrol*
5-O-Methylglycyrol”
Isoglycyrol*
Licocoumarin
Licocoumarone
Glycyrin

Herniarin
Umbelliferon
Glycycoumarin

Chalcone
Isoliquiritigenin
Isoliquiritin
Neoisoliquiritin
Licochalcone A
Licochalcone B
Echinatin®
Licuroside
Neolicuroside

Shibata & Saitoh (1968)

Saitoh et al. (19764)

Mitscher et al. (1980)

Mitscher er al. (1980)

Mitscher et al. (1980)

Mitscher et al. (1980)

Mitscher ez al. (1980)

Kinoshita et al. (1976)

Kinoshita et al. (1978b)
Kinoshita er al. (1978b)

Kaneda et al. (1973)
Litwinienko & Obolencova (1964)
Kattaev & Nikonov (1974)
Elgamel & Fayez (1972)
Litwinienko & Nabiezyna (1972)
Saitoh et al. (1976b)

Saitoh et al. (1976b)

Reiners (1964)

Reiners (1964)

Kitagawa er al. (1989)

Saitoh et al. (1976q)

Mitscher et al. (1980)

Kattaev & Nikonov (1972)
Kattaev & Nikonov (1974)
Saitoh et al. (1978)

Litwinienko & Nabiezyna (1972)
Yang & Liu (1988)

Yang & Liu (1988)

Saitoh & Shibata (1969)
Saitoh & Shibata (1969}
Saitoh & Shibata (1969)
Bhardwaj er al. (1976)
Demizu er al. (1988)
Kinoshita et al. (1978a)
Reiners (1964)

Reiners (1964)

Hattori er al. (1986)

Litwinienko & Obolencova (1964)
Puri & Seshadri (1954)

Litwinienko & Obolencova (1964)
Saitoh & Shibata (1975)

Saitoh & Shibata (1975)

Furuya ez al. (1971)

Litwinienko & Obolencova (1964)
Miething & Speicher-Brinker (1989)

® Glycyrrhiza uralensis Fisch. et DC.
b Glycyrrhiza inflata Bat.
¢ Glycyrrhiza echinata L.

4Structures revised, Shiozawa e al. (1989).
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Fig. 2. Constituents of liquorice: glycyrrhizin (VI), glycyrrhetinic acid (VII), sweet saponin
(VIII) (Tokiwa Shokubutsu, 1981).

saponins (total 0-03%), the structures of which are under investigation. Two
sweet saponins, apioglycyrrhizin and araboglycyrrhizin, have been isolated
from G. inflata (Kitagawa et al., 1989) whilst Uchida er al. (1988) have
reported the isolation of the galacturonic acid (terminal analogue of
glycyrrhizin from unspecified Glycyrrhiza species and determined this to be
three times as sweet as glycyrrhizin.

Liquorice root has been shown to contain both free (proline, asparagine,
asparaginic acid) and bound (e.g. 1-N-L-asparaginic acid-1-deoxy-D-
fructose, 2- N-L-asparaginic acid-2-deoxy-D-glucose) amino acids (Vondenhof
et al., 1973), amines (asparagine, betain, choline), and sterols (f-sitosterol,
stigmasterol, 22,23-dihydrostigmasterol).

Volatile oil

Few detailed studies have been reported into the composition of the volatile
oil of liquorice. From the data available it is clear that the oil composition,
and content, is markedly affected by environmental, cultural and, especially,
processing factors. Thus Frattini et al. (1977) have reported compositional
differences between the steam-distilled essential oils of heat-treated
(130-150°C) liquorice (0-03% w/w) and macerated roots. Twenty-eight
components were identified in the latter, compared with sixty-three in the
former. Half of the volatiles identified in the heated product were
nitrogenous or (mainly) furan derivatives, a finding consistent with the
relatively low levels of amino acids and proteins in the root and the complex
thermal reactions of the sugars known to be present. The major components
of the heat-treated product were acetol, propionic acid, 2-acetylfuran,
furfural and 2-acetylpyrrole, whilst only y-nonalactone, a-terpineol, 2-
phenylethanol, ortho-methoxyphenol and 2-methyl-tetrahydrofuran-3-one
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were common to both oils. Toulemonde et al. (1977) separated more than
one hundred compounds comprising a volatile concentrate (0-0001%)
obtained from dried G. glabra rhizomes and identified thirteen of these; two,
n-pentanol and n-hexanol, comprised the major part of the product.
Recently, Japanese workers (Kameoka & Nakai, 1987) have separated
more than one hundred and fifty components in the essential oil obtained in
0-047% yield by steam distillation of liquorice root. Eighty-two compounds
were identified, with hexanoic acid (32%) dominating. Other compounds
which contributed >1% to the essential oil were hexanol, 4-methyl-1-
isopropyl-3-cyclohexen-1-o0l, N-methyl-2-pyrrolidone, heptanoic acid,
octanoic acid and y-nonalactone. A fraction possessing the main sensory
characteristics of liquorice was concentrated and shown to contain
estragole, anethole, eugenol, indole, y-nonalactone and cumic aldehyde.

Glycyrrhizin*

Glycyrrhizin (V1) is the major triterpenoid saponin in liquorice root, present
in concentrations ranging up to 15%. The processing of liquorice root to
provide more appropriate industrial products results in the concetration of
glycyrrhizin. Thus block liquorice extract (prepared by macerating the roots,
extracting with hot water and concentrating to a final moisture content of
~20%)contains ~20% glycyrrhizin, whilst the glycyrrhizin content of the
spray-dried powdered extract (moisture ~5%) is nearer 25%. The
composition of a range of liquorice block extracts from different countries of
origin is shown in Table 2 and depends upon a variety of factors, including
the root source and method of processing. The figures of glycyrrhizin
content are undoubtedly over-estimates, being based upon gravimetric
methods of analysis (see below).

Although the presence of glycyrrhizin in liquorice has been known for
well over two hundred years and chemical investigations have been
conducted since the begirining of the last century (Nieman, 1957), it is only
following extensive studies on the aglycone (Ruzicka et al., 19434, b, ¢) and
disaccharide (Lythgoe & Trippett, 1950) released following mild hydrolysis
that the structure of the intact saponin was confirmed as VI. Tschirch and
Cederberg (1907) isolated crystalline glycyrrhizin and described its physical
and sensory properties. An intensely-sweet taste characterised the free
compound, and its potassium and ammonium salts. This taste was
completely removed by hydrolysis of the saponin to its crystalline aglycone,
glycyrrhetinic acid (VII).

* This saponin has also been called glycyrrhizic acid or glycyrrhizinic acid: its aglycone
glycyrrhetinic acid (VII), has also been termed glycyrrhetic acid.
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The amount of glycyrrhizin in the roots and underground stems of
liquorice are markedly affected by variety, source and prevailing climate
conditions. Serrano (1946) and Muchnik (1976) have reported data for
Spanish and Russian liquorice, respectively, whilst Fuggersberger-Heinz
and Franz (1984) have shown the concentration of this glycoside in Spanish
liquorice to be higher in the main roots (1-77%, range 0-99-2:80%) than in
the lateral stems (0-31%, range 0-28-0-34%). The latter authors also found
no detectable glycyrrhizin in the green parts of the plant. Biosynthetic
studies, using labelled substrates, indicated that the roots alone were capable
of synthesising glycyrrhizin. '*C-Acetate was most effectively incorporated
and localised predominantly in the aglycone, glycyrrhetinic acid—a finding
consistent with the expected acetate-mevalonate pathway. Feeding of '4C-
glucuronic acid resulted in exclusive labelling of the carbohydrate moiety
(Fuggersberger-Heinz & Franz, 1984). Recent work by Hayashi e? al. (1988),
using callus and cell suspension cultures of G. glabra, suggests that the
absence of glycyrrhizin in undifferentiated cultured cells may be due, in part,
to interruption of the later reactions leading to the formation of this saponin
from triterpenoid precursor(s).

Glycyrrhizin, and structurally-related saponins (e.g. VIII, Tokiwa
Shokubutsu, 1981) possess a sweet taste and sweetness-potentiating
characteristics and have been employed industrially for this reason. For
example, ammoniated glycyrrhizin has long been used to mask the bitter
taste of cough syrups, linctus and medicines. Following sensory studies on a
range of (synthetic) glycyrrhetinic acid glycosides, Esaki et al. (1978) have
related the sweetness of glycyrrhizin to the presence of two carboxylic acid
groups in the sugar moiety. However, according to Hodge and Inglett (1974),
the sweetness of glycyrrhizin may be ascribed to the presence of a
disaccharide moiety possessing an internal (1’ — 2)-0-glycosidic linkage, an
extended hydrophobic aglycone and, crucially, the presence of a second
hydrophilic group at the opposite end of the molecule to the C, disaccharide
(i.e. the carboxylic acid group attached to C,,).

Treatment of a hot water extract of liquorice root with sulphuric acid
followed by neutralization with dilute ammonia affords ammoniated
glycyrrhizin. This product, which has a liquorice taste and is brown in
colour, is extensively used in industry but may be further purified by
solvent extraction and other procedures to give colourless monoammonium
glycyrrhizinate pentahydrate. Both compounds have the same degree of
sweetness but vary markedly in their solubility characteristics and pH
sensitivity. The GRAS status of these glycyrrhizin-containing products was
originally defined in terms of the level of each separate product which was
allowable in foods (Anon., 1977) but has subsequently been redefined in
terms of rotal glycyrrhizin (Anon., 1983, 1985).
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USES

Despite increasing demands, and interest, for ‘natural’ medicines and dietary
supplements, including those containing liquorice, the plant and its extracts
are mainly used as a condiment or as a flavouring for tobacco,
pharmaceutical and confectionery products. According to Duke (1981) the
tobacco industry is the predominant user of liquorice in the US with paste,
juice, extract or syrup being added to cigarettes, cigars, smoking mixtures
and, especially, chewing and snuff tobaccos. The liquorice imparts both
desirable taste and flavour characteristics and also seems to control the
moisture. This is supported by data (Anon., 1983) indicating that in the US,
90% of the liquorice supply is used by the tobacco industry, with the
remainder being shared equally between the food and pharmaceutical
sectors. By-products of the processing of liquorice also find use in such
diverse areas as fibreboard insulation, mushroom compost, animal
feedingstuffs and fire extinguisher components. The pharmaceutical and
therapeutic uses of liquorice and glycyrrhizin will be covered in a separate
paper (Lutomski et al., 1990). :

As long ago as 1970, the usage of liquorice and its products in food
exceeded 1500t in the US, comprising the dried root (60t), extract
(270t), powdered extract (1100t) and ammoniated glycyrrhizin (70t). In
1983, liquorice products accounted for 5-4% of the UK sugar confectionery
market (4-5% by value). Volume of sales was 13400t (having declined from
15635t in 1979), but their value increased from £25-6 m to £30-8 m over the
same period (Hilliam, 1985). Current UK usages are estimated to be
approximately 16200t.

Confectionery

The use of liquorice extract for the flavouring of confectionery may
be dated to the 18th century, when an English chemist, Dunhill, included
molasses, sugar, flour and liquorice in a recipe for Pontefract cakes. The
nature, and consumption, of liquorice-flavoured confectionery varies from
region to region, being especially popular in parts of Europe. In some
countries there is food legislation as to the minimum content of liquorice
extract in liquorice confectionery, and the proposed European Community
directive on sugar confectionery, which the Community’s Commission tried
to establish in the years 1968-1976, required a minimum content of 0-5%
glycyrrhizin for liquorice confections. In Germany the semi-official
standards for sugar confectionery as drawn up by the industry itself
formulate the minimum level in terms of liquorice extract of which at least
5% should be present. This requirement proved difficult to manage since
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the extract content cannot be determined and the glycyrrhizin content is no
reliable indicator, the less so if a deglycyrrhinizinised extract is used.

Detailed aspects of liquorice confectionery and processing are beyond the
brief of this review and the interested reader is referred to Lees and Jackson
(1973), Nieman (1974), Seibl and Ludewig (1979), Minifie (1982) and, most
recently, Hoffmann et al. (1985) for details about the different types of
liquorice confectionery, their manufacture and recipes. Cast liquorice
moulded in starch is manufactured by blending and cooking the ingredients
and depositing the warm fluid or semifluid mixture into forms imprinted in
moulding starch. The cast liquorice in the starch trays is heated in a drying
room at approximately 50°C until the moisture content has been reduced to
11-13%. After cooling, the gumdrops are cleaned of starch, placed on screens,
steam-dampened (to close the pores) and finished by polishing, for example
with mineral oil.

Pressed, that is roller-shaped and cut, liquorice is usually manufactured by
cold mixing liquorice extract and other flavouring materials (menthol,
peppermint oil, laurel essence, anise oil, or sal-ammoniac) with dry
carbohydrate sweeteners or some starch, with gum arabic and/or gum
tragacanth (and sometimes a small proportion of wheat flour or gelatine as
the binding agent). The paste is pressed between rollers into a sheet, dried
and cut into small forms, .or the dough may be pressed and shaped in one
operation by two pairs of rollers, and dried afterwards. Articles belonging to
this group, such as pellets, cachous, small rhombic lozenges, etc., generally
have a high content of liquorice extract and are heavily flavoured.

Extruded liquorice, usually called liquorice paste in English, is actually
made from a dough in which gelatinized soft wheat flour is the binding
ingredient. The low-boiled mixture, cooked to around 19% moisture by the
continuous method, emerges in endless strands which are cut into pieces of
the required length, dried, and often coated with a glaze. Extruded centres
for liquorice comfits of ‘torpedos’ are covered with a coloured coating by
panning. These are often flavoured with oil of anise to such an extent that
this flavour has become virtually synonymous with the liquorice taste in the
US. Liquorice paste (usually coloured with caramel and of a more ‘short’
texture) can be sandwiched between layers of coloured cream pastes
by means of a layering machine, which extrudes layered sheets, subsequently
cut by a guillotine-type machine.

As in other branches of confectionery, a successful product is usually the
result of a well-balanced recipe, suitable and efficient machinery and
effective processing (Anon., 1987a,b). There are also, however, more
traditional products which are processed by secretive and more labour-
intensive methods.
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Other food and beverage uses

As a sweetener, glycyrrhizin has the limitation of possessing a distinct, and
lingering, liquorice taste and researches have been directed at reducing or
suppressing the latter whilst maintaining the former (Cook & Gominger,
1974). Whilst ammonium glycyrrhizinate is fifty times sweeter than sucrose,
in the presence of that sugar its sweetening power is doubled (Muller, 1966).
In contrast, Kobuke ez al. (1985) have stated that disodium glycyrrhizinate is
two hundred times as sweet as refined sugar. Some uses of ammonium
glycyrrhizinate have been described by Cook and Gominger (1974).
According to these authors there was probably insufficient liquorice root
grown and processed to meet the various requirements of industry, and this
certainly remains true over a decade later.

The use of liquorice extracts in jams, marmalades and generally as a
brown colouring matter has been reported (Nieman, 1957). Liquorice
extracts have been employed in the production of beer and spirits, for
flavouring purposes and for improving foam-stabilization, ‘head-forming’
characteristics. Submissions to the FDA in persuance of the protocols for
GRAS affirmation (Anon., 1983) also mention the use of liquorice in the
formation of a variety of non-liquorice flavours, such as ‘fermented’, fruit-
pulpy’, ‘root’, ‘vanilla’ and ‘cooked, brown and roasted’.

Ammoniated glycyrrhizin has been used in chocolate, chewing gum, in
diet cola (to mask the bitter aftertaste of saccharin) and as a sweetener
enhancer in gelatin, puddings and cream. Sweet sauces, reconstituted
vegetable proteins and herbs and seasons may also benefit from the
inclusion of liquorice products as flavour agent or enhancer. Many herbal
teas contain liquorice root in addition to a variety of other components,
although it should be noted that the use of liquorice to make tea is not
included within the provision of 21 CFT Part 184.1408 GRAS affirmation.

Various patents have been granted for the use of liquorice extracts in
health drinks (for example, Sanyo-Kokusaku, 1985; Tanaka, 1986) and low-
sodium condiments (Tanpei Seiyaku, 1982, 1983). Extracts of liquorice have
food application as antioxidants (Maruzen, 1983, 1985; Takagaki, 19884, b)
and antimicrobial agents (Ueno ez al., 1985). In addition to forming the basis
for such products, the liquorice residue after the extraction of glycyrrhizin is
rich in readily-solubilized polysaccharides (~20%), relatively insoluble
polysaccharides (~25%), pentosans (14%) and lignin (22%). Technological
methods have been described (Akmamedov ez al., 1984) for the hydrolysis of
such components to mixtures of glucose, xylose, arabinose, glucose and
mannose, and for the subsequent use of this hydrolysate in single-cell protein
manufacture.



132 G. R. Fenwick, J. Lutomski, C. Nieman

ANALYSIS OF GLYCYRRHIZIN

Writing thirty years ago, Nieman (1957) emphasised the importance of the
rapid and specific analysis of glycyrrhizin in liquorice and described a
number of methods, almost all of which must now be consigned to the
history books. Subsequently, spectrophotometric methods were used
(Zwaving, 1975; Steinegger & Marty, 1976), which relied upon the
conjugated dienone absorption of the saponin, or on its ability to form a
coloured complex with, for example, vanillin/sulphuric acid reagent or
modified Liebermann-Buchard reagent. Such methods are, however, time-
consuming and not applicable to all liquorice products. Thus despite
continued searches for improved accuracy and specificity (e.g. Manyak &
Murav'ev, 1984; Liu er al, 1985) attention was turned to gas chroma-
tography, whereby the saponin is hydrolysed to the aglycone, glycyrrhetinic
acid (VII) and estimated following derivatisation to the methyl ester or
trimethylsilyl derivative. One such procedure has been validated by the
AOAC (Association of Official Analytical Chemists, 1984), and a number of
others have been used (Larry, 1972; Pohl & Haedrich, 1976; Ventura et al.,
1978).

Although the use of GC has been advocated for the simultaneous analysis
of the 18x«- and 18- glycyrrhetinic acid hydrolysis products in Glycyrrhizae
radix (Amagaya et al., 1985), most workers now tend to use HPLC, which
does not require a hydrolytic step and hence can measure both glycyrrhizin
and glycyrrhetinic acid (Sadlej-Sosnowska, 1987). Amongst the plethora of
methods which have been described (including Akada & Tanase, 1976;
Ogawa et al., 1976a, b; Sticher & Soldati, 1978; Beasley et al., 1979; Bell,
1980; Pail et al., 1981; Hirst et al., 1983; Bennetti & Luise, 1985; Collinge et
al., 1985; Petitbois er al., 1985; Sagara et al., 1985; Li et al., 1987) that of
Vora (1982) has been subjected to collaborative testing, has been included by
the Association of Official Analytical Chemists (1984) for ‘final action’ and is
currently acceptable to the FDA in relation to the GRAS status of liquorice
products (Anon., 1985). An indication of the probable overestimates of
glycyrrhizin contents resulting from application of non-specific metho-
dology is seen in the study of Bell (1980) who compared gravimetric and
HPLC methods, the latter yielding figures approximately 30% of the former.

LEVELS OF GLYCYRRHIZIN IN LIQUORICE-CONTAINING
PRODUCTS

Data published by the FDA (Anon., 1983) indicate that liquorice root
(moisture content 4-5%) contains 11-8% glycyrrhizin whilst block liquorice
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extract (22-4% moisture) and liquorice extract powder (5:2% moisture)
contain 19-5% and 23-7%, respectively. These figures will vary greatly
with species, origin, nature of harvesting and subsequent processing.
Sagara et al. (1985) found the glycyrrhizin contents of Spanish and Chinese
liquorice to vary between 1 and 7-6%, with eight samples from China being
within the range 2-1-7-6%. Sticher and Soldati (1978) have found 3-4, 6-0 and
5-8% glycyrrhizin in liquorice of Persian, Syrian and Spanish origin,
respectively. According to Morton (1977) the glycyrrhizin content of
liquorice root may vary from 5 to 20%, with the Russian variety (1-14%)
possessing higher levels than that from Spain (6-8%). However, it is
probable that the methods employed in the analysis of these samples have
overestimated the true figure (see above). Bell (1980) quotes figures of 29 and
8:7% for the glycyrrhizin content of two oriental powdered extracts, 3% for
root paste, 7-3% for Iranian liquorice extract and 8-:3% for liquorice essence
(all expressed on a dry weight basis). Three liquorice products analysed in
the collaborative trial reported by Vora (1982) possessed glycyrrhizin levels
of approximately 2-5, 5-5 and 7-2%.

Amongst thirteen samples of beer analysed by Hermesse et al. (1986), ten
contained less than 06 ppm glycyrrhizin, the remainder having 09, 8 and
6 ppm. A range of non-alcoholic drinks contained between 214 and 812 ppm
glycyrrhizin whilst drinks containing alcohol were generally rather lower
(<74 ppm), although two such drinks did contain 200 and 234 ppm
glycyrrhizin. Confectionery products have been analysed by Hurst et al.
(1983), Benetti and Luise (1985), Hermesse et al. (1986) and Spinks and
Fenwick (1990). The former workers found glycyrrhizin levels between 110
and 1650 ppm in North American products, in general agreement with the
levels in English confectionery products (Spinks & Fenwick, 1990). Of
seventeen Belgian confectionery products examined by Hermesse et al.
(1986), ten contained >2200 ppm glycyrrhizin whilst one, liquorice and
menthol pearls, contained 43% glycyrrhizin and a further 1200 ppm g-
glycyrrhetic acid. Liquorice sticks contained 1-2-2-8% (Hermesse et al.,
1986) and 1-8-3-6% (Spinks & Fenwick, 1990). Klein and Blasek (1989) have
employed isotachophoresis to determine levels of glycyrrhizin in liquorice
confectionery and reported 0-2-0-5%; the same technique was used to
analyse liquorice powder (2:0-13-7%) and block liquorice (2:2-11-4%)).

In a recent survey of Japanese foods (Fujinuma et al., 1988) glycyrrhizic
acid was found in 16 out of 56 samples, in tare—a soy sauce product
(6:12ppm); takuan-zuke—a pickle (52-224 ppm); an unspecified sauce
(3-8 ppm); smoked squid (135 ppm); the fish product, saki-ika (110 ppm) and
macaroni salad (2 ppm). Bell (1980) has reported glycyrrhizin levels in five
samples of chewing tobacco to be 1500-4100 ppm, the same general range as
found for medicinal preparations (Hermesse et al., 1986). However, one such
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TABLE 3
Possible Mean Daily Intakes of Liquorice-Related Substances and Glycyrrhizin in the US
(pre-1972)
Substances Intake (mg/person/day)

0-5 months  6-11 months 12-23 months  2-65+ yrs

Liquorice root 4.0t 83-80 166-38 369-44
Liquorice extract 629 67-72 114-53 283-06
Liquorice extract powder 10:79 118-22 206-09 541-86
Ammoniated glycyrrhizin 057 510 9-09 19-18
Total glycyrrhizin 483 562 99-8 2464

Data from Anon. (1974), total glycyrrhizin data calculated by present authors on the basis of
compositional data in Anon. (1983).

preparation, a liquorice infusion, contained very much higher (3-8%) levels.
A single sample of herbal tea examined by Sadlej-Sosnowska (1987)
contained 5000 ppm of glycyrrhizin and 480 ppm of 188-glycyrrhetinic
acid. The same worker found 84% glycyrrhizin and 8900 ppm 184-
glycyrrhizinic acid in concentrated extract of liquorice root (Extractum
Glycyrrhizae Siccum).

DIETARY EXPOSURE TO LIQUORICE AND GLYCYRRHIZIN

Information on the likely daily intake of liquorice-containing products is
difficult to obtain. As part of the detailed background information made
available to the Food and Drug Administration (see Anon., 1977), data were
provided which suggested the mean daily intakes shown in Table 3. Whilst
there are undoubtedly individuals consuming very high levels of liquorice on
a regular basis (see Reynolds, 1982) it is probable that the figures in
Table 3 are the original suppliers indicated, very substantial overestimates
since they were collected not in response to any particular concern about
liquorice consumption but in regard to interest in overall US consumer
dietary patterns.

Calculation of US daily intake data, for a decade ago, based upon the
totals of liquorice products used, yields figures of 0-10,0-44, 1-79 and 0-11 mg
for liquorice root, extract, powdered extract and ammoniated glycyrrhizin,
respectively. In combination, these correspond to an intake of 0-63mg
glycyrrhizin/person/day. If the availability of liquorice for food consumption
is used as an index for calculating the US daily intakes, the figures obtained
were 27-2 mg liquorice root and 0-61 mg liquorice extract, corresponding to
3-21 and 0-12 mg glycyrrhizin/person/day, respectively. It was considered by
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the Select Committee on GRAS Substances that these figures were probably
more realistic than those presented earlier. Elsewhere, Nieman (1974) has re-
ported that in The Netherlands, where liquorice confectionery is widely eaten,
annual consumption exceeded 1 kg, suggesting perhaps a mean daily intake
of 4-5 g. In the absence of detailed analytical data the glycyrrhizin content
and, hence, intake cannot be reliably stated. However, based upon the later
data of Hermesse et al. (1986), a mean daily intake of 5 mg glycyrrhizin may
be suggested for Belgium, a similar figure recently being calculated for the
UK (Spinks & Fenwick, 1990).

LEGAL STATUS OF LIQUORICE (GLYCYRRHIZIN) IN FOODS

The FDA (Anon., 1977) proposed affirmation of GRAS status for liquorice
root, extract and ammoniated glycyrrhizin when used as a flavour agent to
impart liquorice flavour to specified foods and subject to maximum levels
of usage. Later (Anon., 1979) provision was made for the use of ammoniated
glycyrrhizin as a surface-active agent in non-alcoholic beverages. However,
usage as a sweetener, flavour enhancer or sweetening synergist was denied
because the application was not self-limiting and a greater consumption
could not be supported by the existing safety data.

The recognition that the major biologically-active principle in liquorice
root, block, liquid or powdered extract is glycyrrhizin, and that this may be
replaced by ammoniated glycyrrhizin preparations in certain product
formulations, has resulted in the limits to the usage of liquorice products
being defined for GRAS purposes in terms of total glycyrrhizin content
(Table 4)—thereby permitting liquorice-derived products to be used
interchangeably or in any combination (Anon., 1983, 1985).

The Council of Europe Report on Flavouring Substances and Natural
Sources of Flavourings (1981) classifies liquorice as a ‘plant or part thereof,
including herbs, spices and seasonings commonly added to foodstuffs in
small quantities, the use of which is considered acceptable with a possible
limitation of an active principle in the final product’. Glycyrrhizin is also
included (No. 2221) as a flavouring substance subject to a limit in foods and
beverages of 50 ppm. Liquorice roots or wood is considered by the UK Food
Additives and Contaminants Committee (1976) as a ‘natural flavouring
substance consisting of, or deriving from, vegetables, herbs or spices to be
used in small quantities as additives to food provided that it is not used in
amounts exceeding those occurring naturally in food’. In this context ‘small
quantities’ were again defined as less than 50 ppm in the food.

Glycyrrhizin was assessed by the European Commission’s Scientific
Committee for Food as part of its review of safety aspects of the use of
sweeteners. The UK Food Additives and Contaminants Committee in its
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TABLE 4
Specific Limitations for GRAS Affirmation of Glycyrrhizin, 21 CFR Part 182 (Anon., 1983,
1985)
Category of food Max. level of glycyrrhizin Functional use®
in food (%)

Baked goods 0-05 (500 ppm) 1,2
Alcoholic beverages 01 (1000) 1,2,3
Non-alcoholic beverages 0-15 (1 500) 1,2,3
Chewing gum 1-1 (11 000) 1,2
Hard candy 16:0 (160000) 1,2
Soft candy 3-1 (31000) 1,2
Herbs and seasonings 0-15 (1500) 1,2
Plant protein products 0-15 (1 500) 1,2
Vitamin or mineral

dietary supplements 05 (5000) 1,2
All other foods, except

sugar substitutes 01 (1000) 1,2

“ 1 Flavour enhancer; 2 flavouring agent; 3 surface active agent.

evaluation of sweeteners in food had earlier (1976) decided that the primary
function of glycyrrhizin was as a flavouring rather than a sweetener. The
Scientific Committee’s report (Poulsen, 1985) stated that the available data
were inadequate for a toxicological evaluation of the substance as a
sweetener, but the findings from clinical toxicology revealed a possible need
to restrict consumption of liquorice. The Scientific Committee was unable to
endorse the use of glycyrrhizin as a sweetener and suggested further
assessment of usage.

The FDA has taken the view that ‘adverse effects of glycyrrhizin are
generally associated with the consumption of foods that are characterised
by a distinctive liquorice flavour, such as liquorice-flavoured candies, liquors
or other beverages. These foods contain higher levels of glycyrrhizin than do
foods in which the liquorice or ammoniated glycyrrhizin has been added as a
flavour enhancer. Persons who are sensitive to glycyrrhizin can avoid
experiencing glycyrrhizin-induced symptoms by excluding liquorice-
flavoured foods from their diets. FDA believe that the levels of glycyrrhizin
contained in foods do not pose a hazard to the public provided that foods
that contain glycyrrhizin are not consumed in excessive quantities or by
individuals who are sensitive to low levels of glycyrrhizin’ (Anon., 1983).

There have, however, been reports of human fatalities and illness
following the consumption (‘excessive’ or ‘prolonged’) of liquorice-
containing products (see Lutomski et al., 1990) and this reinforces the need
for public and medical awareness, especially since there is now an increasing
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range of confectionery, beverage, herbal and medicinal products available
which may contain liquorice and, hence, contribute to the total glycyrrhizin
intake.

Since virtually all such reports record consumption levels well over the
toxicity threshold, they provide no information as to the level of liquorice
confectionery that can be safely consumed. Calculation of the toxicity of
glycyrrhizin is also difficult since, where levels of this chemical have been
measured, they are now considered to be considerable over-estimates.

Recently, however, the Dutch Nutrition Information Bureau has advised
against a daily glycyrrhizin consumption in excess of 200 mg, assumed to
correspond to 150 g liquorice confectionery (Anon., 1988). This recommen-
dation should be seen in the context of The Netherlands having the highest
daily per capita consumption of liquorice confectionery. Assuming the
maximum levels allowable according to GRAS legislation, the following
daily consumption would be needed to provide a daily intake of 200 mg
glycyrrhizin-400 g baked goods, 200 ml alcoholic beverages, 140 ml non-
alcoholic beverages, 20 g chewing gum, 1 g hard candy, 6 g soft candy, 140 g
herbs and seasonings, 14Gg plant protein or 40g vitamin or mineral
supplement. Ten grams of liquorice stick (average content 20000 ppm
glycyrrhizin) would yield the same intake. In combination, of course, less
would be required of each individual dietary component.
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