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ABSTRACT

Gesho, Rhamnus prinoides L’Herit (Rhamnaceae) is a shrub or tree which can be

up to 6 m tall. It is cultivated in Ethiopia for use as an ingredient in the making of the

home brewed drinks-Telia and Tej.
Phytochemical investigations of the leaves of this plant resulted in the isolation and

characterization of the bitter prinicple- a naphthaenic lactone glucoside named geshoidin,

in addition to three anthraquinones, a pre-anthraquinone and a flavonol. These compounds

are chrysophanol (1) , physcion (2) , musizin (19) , emodin (3), rhamnocitrin (40) and /3-
sorigenin-8-0-/3-D-glucoside (68). Acetylated and methylated derivatives as well as
hydrolysis products of the glucoside and the permethylated compound are also

characterized. These include|6-sorigenin-8-0-/3-D-glucoside-peracetate(69), /3-sorigenin-8-
0-/3-D-glucoside-permethylate (70) , /3-sorigenin (22) and /3-sorigenin- l -methylether (71) ,

respectively. Compounds 2 and 3 have been isolated previously from the fruits of R.
prinoides. 19 and 40 have not been reported from this plant while 68 is a novel natural

product ,

Based on spectroscopic data, two possible explanations are offered for the upfield

chemical shift of the peri hydroxyl proton in 68. A sensory panel concluded that compound

68 is a bitter principle in the leaves of Gesho. At least 1 % of the dry leaves of Gesho

contain this bitter component.
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The species C. faralaorta is known for the 3-glucosyl-acetylrhamnosyl galactoside

of the two major flavonoids: kaempferol (38) and quercetin (43) (Guinaudeau et al. 1981).
Z. vulgaris and Z. nummularia are reported for spinosin (swertisin-2” -0-glucoside) (57)

and the 3-hydroxyflavanone glucoside (taxifolin-3-glucoside) (55) , (Woo, et al. 1979 and
Srivastava, et al. 1977), respectively.

Most Zizyphus species contain cyclopeptide alkaloids. Among these, Z. sativa
(Shah, et al. 1987,1988) , Z. nummularia (Dwivedi, et al. 1987; Devi , et al. 1987), Z.
rugosa (Tripathi, et al. 1989), Z. vulgaris (Han, et al. 1990), Z. spina-christi (AbdeLGalil
and EL-Jissry, 1991) and Z. lotus (Ghedria, et al. 1993) have yielded different
cyclopeptide alkaloids. A cyclopeptide alkaloid called frangulanine (Schmidt, et al. 1991)

and three cyclopeptide alkaloids, viz. aralionin A (Tschesche, et al.1969) , aralionin B

(Tschesche, et al. 1970) and aralionin C (Tschesche, et al . 1977) have been isolated from
R. frangula and A. vaginata , respectively.

The occurrence of a biflavonoid in the Rhamnaceae is reported from Phyllogeiton
only, which contains a compound known as zeyherin (Geiger and Quinn, 1975). No
isoflavonoid structure has been reported from this family.

1.2 The genus Rhamnus

Taxa belonging to the genus Rhamnus are found in all tropical, subtropical and
temperate regions. There are about 150 taxa in this genus and only two, viz. R. prinoides
and R. staddo occur in Ethiopia. R. staddo, like R. prinoides, is used to make the

traditional drinks of Tej and Telia , but it is not recommended for Telia although it is
sometimes used .

One feature of the genus is its tendency to elaborate anthraquinone and some
flavonoid glycosides in addition to a variety of anthrones, anthraquinones and their dimeric
derivatives. Flavonoids appear in few of the Rhamnus species where kaempferol , quercetin
and their derivatives are the main aglycones. These exist mainly as glycosides in which
glucose alone or glucose, rhamnose and galactose as a trioside, are the sugars most
commonly observed. Flavonol triosides are reported from R. petiolaris (Wagner, et al.
1974), R. nakaharia (Lin , et al. 1982, 1994), R. catharticus, R. alaternus, R. saxatilis
(Riess-Maurer and Wagner, 1982), R. formosana (Lin, et al. 1991) and R. thymifolius
(Satake, et al. 1993). The synthesis of rhamnocitrin (40) , rhamnazin (46) and rhamnetin
(44) glycosides, particularly the 3-Otriosides, and nC NMR spectroscopic investigations
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of these compounds proved that all naturally occurring flavonol triosides so far isolated

from different Rhamnus species, contain the sugar- moiety rhamninose (Riess-Maurer and

Wagner, 1982).

1.3 Rhamnus pnnoides

R, prinoides L’ Herit; Amharic name: Gesho, family Rhamnaceae, order

Rhamnales, is a dicotylendenous angiospermic plant cultivated in Ethiopia. It is a shrub

or tree which grows up to 6 meters and is also known to occur in Cameroon, Sudan ,

throughout East Africa to South Africa and Angola, and also in Arabia (Thulin, 1988). In

Ethiopia, the plant is used to add flavour to the fermented drinks Telia and Tej ,

One of the early scientific reports on R. prinoides is that of Salgues (1962) and

Coady (1965). Salgues described the presence of inorganic cations, organic acids and the

flavonoid derivative rhamnetin rhamnoside (51). He also made some toxicological studies
on the plant tissues.

The fungistatic effect of the extracts of R. prinoides fruits were investigated (Biftu ,
et at. 1979) and the minimum concentration responsible for this effect was reported.

The secondary metabolites of R. prinoides fruits were investigated and the presence

of the known anthracene derivatives: physcion , emodin, emodin anthrone, emodin

bianthrone and a new anthrone rhamnoside derivative, named prinoidin (32), were reported

(Abegaz and Dagne 1988) .

1.4 Bitter Sources in Telia and Other Substances

It is assumed that Gesho ( R. prinoides) maintains acidic pH during Telia

fermentation so as to modify the nature of the mash and inhibits the growth of undesirable
micro-organisms (Kleyn and Hough , 1971). Telia (a malt beverage like beer) on an
average contains three parts (by volume) of powdered Gesho leaves (and/or stem), four

r
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parts (by volume) of powdered Bikil (dried germinated seeds of barley, Hordium vulgare

or wheat, Triticwn durum ) , an amount of maize (Zea mays ) or barley or brown teff

( Eragostis tef ) , or a mixture of the three, roughly equivalent (by volume) to two to three

times that of Bikil , all combined and made into cakes; an amount of maize or barley

roughly equivalent (by volume of powder) to three to four times that of Bikil , roasted,

powdered , and granulated with water on a heated pan (Desta , 1977). Each part of the

ingredient is added to the starter (water-G&s/?0 mixture) at different stages taking up to a

total of eight to ten fermenting days, and varying amount of water is added to the final

mixture and left sealed for a final fermentation and settling.
The other home brewed fermented beverage in which Gesho is used is Tej , It is

a yellow to olive-green , alcoholic beverage similar to mead. Tej uses not the leaves, but

Gesho stems only. The alcoholic contents (% v/v) of Telia and Tej are 5.65-6.56 and

13.18-13.73, respectively (Desta , 1977).
Gesho imparts a bitter taste to Telia and Tej and the bitterness of Telia is directly

related to the amount of Gesho added during brewing (Sahle and Abegaz, 1991). But apart

from such general conclusions, no attempt has been made to isolate and chemically

characterize the bitter principle(s) in Gesho prior to this work.
The present work had two major thrusts. The first involves isolation and

characterization of the compound responsible for the bitterness of Gesho and the second

part requires conducting a sensory analysis to establish this compound as the real bitter

principle of Gesho.
A sensory analysis is a multidisciplinary science that uses human panelists and their

senses of sight, smell , taste, touch and hearing to measure the sensory characteristics and

acceptability of food products, as well as many other materials (Watts, et al. 1989 ). There

is no one instrument that can replicate or replace the human response. Thus, the testing

instrument for sensory analysis is the panel of human judges who have been recruited
and/or trained to carry out specific tasks of sensory evaluation. Hence both the above tasks

have to be fulfilled to establish the identity of the bitter principle of Gesho.
On the other hand , the industrial beer, which uses hops (Humulus lupulus) (Ellis,

1982) for the particular effect has a phioroglucinol skeleton in the bitter component. There

are six major bitter iso-a-acids in hops which have isoprenoid side chains attached to the

phioroglucinol nucleus or to a cyclopentatrione ring (Scheme 1).
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In the brewing of beer, hops are boiled with malt and other cereal extracts (wort)

in the brew kettle for a given period . During this period, the three major a-acids (72)

humulone, cohumulone and adhumulone undergo heat induced isomerization into iso-a-

acids (73) (Raphael , 1991).

OH 0

"R

=0

V
HO

HO

72

t

O

HO
OHO

73

R = CH2CH(CH)3 : humulone

R = CH(CH3)2 : cohumulone

R = CH(CH3)CH2CH3: adhumulone

Scheme 1: The bitter iso-a-acids in beer
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Bitter principles in some fruits are also known. For example, the bitter compound

neohesperidin (63) occurs in the bitter orange, Citrus aurantiurn. The isomer hesperidin

(62), is a non-bitter compound which is the predominant flavonoid in lemon and the

ordinary sweet orange, Citrus sinesis.
Grapefruit acquires bitterness from naringin (74). It can be converted to the non-

bitter naringenin (64) by adding a hydrolytic enzyme (naringinase) to grapefruit juice. On

the other hand , if the bitter naringin is treated with NaOH and then reduced catalytically

(Scheme 2), naringin dihydrochalcone (75) , which is about 1000 times sweeter than

sucrose (Raphael , 1991), can be obtained.

.-VOH
Neohesperidosyf0'"^V Y N&OH

W
OH O

74 75

Scheme 2: Conversion of the bitter naringin into a sweetening agent

1.5 Anthraquinones and Related Compounds of the Rhamnaceae

A. Occurrence and Distribution

Anthraquinones are the largest group of natural quinones. They are found in higher

plants and also occur in animals, particularly in insects (Coccidae ) and feather stars

( Crinoidea). In higher plants, anthraquinones are located chiefly in heart wood , bark and

roots (often as glycosides), occasionally in stems, seeds and fruit. The anthracene

derivatives, chrysophanol, physcion and emodin , are very common and appear in almost

all anthraquinone containing plants of Rhamnaceae.

Of the two species of Araliorhamnus, only A. vaginata has been investigated and

this contributed 24 new anthraquinones and related compounds to the family. Anthrones

in the Rhamnaceae are distributed in R. purshianus , R. frangula and R. prinoides. The

only reported anthrones are chrysophanol, physcion (34), aloe-emodin (28), and emodin

anthrones (33).
Bianthrones, on the other hand , are reported from five species of the family , viz.

R. purshianus, R. frangula, R. prinoides, K. humboUltinna and .4. vaginata. Physcion

OH

«2

Neo-O^ XT
-

Pd/C w
OH O OH O
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10, lO’ -bianthrone and karwinskia toxins 1 (58) , 2, 3 and 4 are the only reported
bianthrones from A. vaginara (Mammo, 1989) and K. humbokitiana (Dreyer, et al. 1975) ,
respectively .

Of the 37 naphthoquinones (benzoisochroman quinones included) isolated and
characterized from the Rhamnaceae, 29 occur in the four Venrilago species: V.
maderaspatana, V. calyculata, V. goughii , and V. viminalis , while 7-methoxyeleutherin
and its 6-hydroxy derivative appear in K. humboldtiana only. 2-Methoxystypandrone (53)
has been isolated from A. vaginara, V. calyculata and R. fallax. The remaining five
naphthoquinone monomers and dimers are reported from A. vaginata,

There are a total of 19 naphthalene derivatives among which 6 are glycosides.
Musizin has been isolated from M . eminii , R. procumbens and R. wightii whereas
nakahalene (20) and nakahalene-8-O-primeveroside occur in R. nakaharia.

The naphthalene lactones a- and /3-sorigenin (21, 22) (Haber , et al. 1956) together
with the primeverosides a- and j3-sorinin (23, 24) (Hegnauer, 1973) have been isolated
from R. japonicus. a-Sorigenin-8-O-jS-D-glucoside (26) has been reported (Rauwald and
Just, 1983) and a recent paper by Pepaila, et al. (1991) revealed that /S-sorigenin-l -O-jS-D-
glucoside (25) is present in R. wightii . The occurrence of 1- and 8-0/?-D-glucosides of
a- and jS-sorigenin as natural products, respectively, have not been reported prior to this
work.

There are three monoaromatic compounds isolated from Rhamnaceae. These are
2,6-dihydroxy-4-methoxyacetophenone 2-O- jS-rutinoside (66) which was isolated together
with a new naphthalide glycoside: 8,9-dihydroxy-6-methoxynaphthalide 8-0-j3-rutinoside
(a-sorigenin 8-O-rutinoside) (Satake, et al. 1991) and 7-hydroxy-5-methoxyphthalide 7-0-
j6-D-glucoside (67) (Jan , et al. 1973).

To date, 144 anthraquinones and related compounds have been reported from the
Rhamnaceae. Their distributions according to structural type is given in Table 1.

• i n •:: . ; - v i.i
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Table 1. Anthraquinones and related compounds from Rhamnaceae

Structural type Up to 1988 1989 1990-94 Total

Athraquinones 26 16 - 42

Anthrones 4 - - 4

Bianthrones 14 1 - 15

Naphthoquinones 27 5 5 37

Naphthalenes 11 (2)‘ 2 6 (4)* 19(6)*

Anthraquinone gly. 20 - 4 24

Monoaromatics - - 3 3

Total 102 (2)* 24 18 (4)‘ 144 (6)*

* Number indicates glycosides.

B. Identification of Anthraquinones

1. Color Reactions

Anthraquinones are detected on chromatographic plates by their visible and UV

colors. By spraying plates with 10% methanolic KOH, the original yellow and yellow-

brown colors change to red , violet , green or purple. The reaction can be done on crude

extracts, purified materials or on chromatograms.

2. Ultraviolet and Visible Spectroscopy

Spectral measurements are essential for identification of quinone structures. The

UV and visible spectra indicate the class of quinones present, since the number and

position of bands increase with the complexity of the structure.

The spectra of benzoquinones characteristically have one strong band between 260

and 290 nm and one band of less intensity between 375 and 410 nm. All naphthoquinones

have three or four spectral maxima: one or two below 300 nm , one at about 330 to 340

nm and one above 400 nm. Anthraquinones can be distinguished from other classes of

quinones by the fact that they have four or five absorption bands in the UV and visible
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regions. At least three of these lie between 215 and 300 nm and another one above 430

nm. The pattern in the UV region is not strongly affected by substitution. On the other

hand , absorption in the visible region is influenced by the number of alpha hydroxyl

groups. The influence of beta hydroxyl is much weaker except when adjacent to an alpha

hydroxyl .
The UV-Visible spectra of 1 , 8-dihydroxyanthraquinones show a peak at 430-450

nm and those of 1 , 4-dihydroxyanthraquinones exhibit absorption at 470-500 nm. This is

also reflected in the color of anthraquinones, where 1 , 8-dihydroxyanthraquinones are
yellow or orange and 1, 4-dihydroxyanthraquinones are red. Additional alpha

hydroxylation results in a bathochromic shift of the longer wave absorption.

3. IR spectra

The carbonyl stretching vibrational frequencies are useful aids in structural

determination of anthraquinones. The stretching vibration of anthraquinones having

positions 9 and 10 in keto form shows a second carbonyl band at a lower frequency if they

contain a hydroxyl group in the alpha position due to conjugation and chelation. The

correlations between the carbonyl frequency range and the number of alpha hydroxyl
groups are summarized below.

Table 2. Carbonyl frequencies of hydroxyanthraquinones (Bloom, et. al 1959)

Number of o-OH groups CO (Nujol) cm'1

None 1678-1653
1 1675-1647, 1637-1621
2 (1, 4- and 1 , 5-) 1645-1608
2 (1, 8-) 1673-1661, 1626-1616
3 1616-1592
4 1592-1572






























































































