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LIMONOID GLUCOSIDES IN CITRUS
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Abstract—Citrus contained high concentrations of limonoid glucosides. Four new glucosides, isolated from grapefruit
seeds, were identified as tmonin 17-0-8-b-glucopyranoside, nomilin 17-0-8-D-glucopyranoside, deacetylnomilin 17-
O-B-D-glucopyranoside and obacunone 17-O-8-D-glucopyranoside. Grapefruit seeds contained about 0.8% of

hmonoid glucoside derivatives.

INTRODUCTION

Limonoids are a group of chemicaliy related triterpene
derivatives found in Rutaceae and Meliaceae families.
Limonin and nomilin, bitter members of the group, are
present in citrus juices, and their bitterness reduces juice
quality. In general, citrus juices contain limonoids at
levels below the bitterness threshold of 6 ppm. During
biochemical studies on limonoids 1n conjuction with our
efforts to develop preharvest methods for debittering of
citrus juices, we found that citrus tissues and juices
contain very high concentrations of limonoid glucosides.
We report here the isolation of four major glucoside
derivatives from grapefruit seeds and their chemical
structures.

RESULTS AND DISCUSSION

Limonoids in citrus tissues and juices have been cus-
tomarily detected or quantitated by solvent extraction
followed by TLC, HPLC or immunoassay methods
[1-3]. The aqueous residue from the solvent extraction
has been completely ignored. Recently, TLC analyses of
such agueous portions showed that citrus contains very
high concentrations of compounds giving an Ehrlich-
positive reaction on TLC, which is a typical characteristic
of limonoids [4]. For instance, commercial orange juices
contained over 300 ppm of Ehrlich-positive compounds.
Subsequently, these compounds were isolated from
grapefruit seeds and characterized.

TLC analyses showed that grapefruit seeds contain
about 1% of limonoid glucosides on a dry weight basis.
TLC, HPLC and column chromatographic analyses indi-
cated that grapefruit seed extracts contain at least 15
water-soluble compounds which show an Ehrlich-posi-
tive reaction. Four major compounds were isolated in
pure form by reverse phase column chromatography.
When these compounds were hydrolysed with 0.5 M HCl
at 70° for five hours, the limonoid portion of the gly-
cosides was not stable under the acidic conditions used,
but the sugar portion was recovered. The sugar was
enzymatically identified as D-glucose by a coupled reac-
tion of hexokinase and glucose-6-phosphate dehydrogen-
ase. All of these four isolates were found to possess a D-
glucose moiety.

The 'H NMR spectrum of one of these compounds (1)
in DMSO-d; at 25° showed very broad peaks; only at 90°
was a typical high resolution spectrum obtained. The
spectrum showed four C-methyl peaks, thus demonstrat-
ing that 1 was a limonoid oxygenated at C-19, like
limonin (2), as opposed to those such as nomilin (3) in
which C-19 is methyl. All of the charactenistic downfield
peaks of 2 could be identified in the spectrum of 1.
However, the chemical shifts of the H-15, H-17, and furan
resonances were significantly different from those of 2,
suggesting anomalous structural features in the vicinity of
the D-ring. In addition, a highly coupled system of five
nonlimonoid proton signals was present in the §3.0-3.6
region of the spectrum, as well as a doublet at 4.13. These
resonances are characteristic of a 6-carbon sugar, with the
downfield one being due to the anomeric proton. Thus,
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the 'H NMR data suggested that 1 was a glycostde of a
himonoid, possibly 2.

In comparing the 13C NMR spectrum of 1 with that of
2, the resonances for carbons 1-11 and 19 differed by less
than 61.5, except for that of C-5 which was 62.5 upfield in
the spectrum of 1. However, large differences were ob-
served for carbons 12-16 and two of the furan carbons,
again indicating changes in the D-ring area of the mol-
ecule In addition, the following signals ascribable to
sugar carbons were observed: a methylene at 661, four
methines between 670 and 77, and an anomeric methine
at 5104, There are no sites at which a sugar can be
attached in 2 unless either the A- or D-ring lactone 1s
opened The NMR evidence shows that the latter 1s the
case There are then two possible points of attachment:
the carboxyl group at C-16 or the hydroxyl group at C-
17. In the former case an ester linkage would be formed,
which would be susceptible to base-catalysed hydrolysis.
However, when 1 was treated with base 1t was recovered
intact, which establishes the point of attachment as C-17
The configuration of the glycoside inkage was shown to
be f by the coupling constant of the sugar H-1 resonance
(J=7.1Hz)

The NMR spectral data leave little doubt that the
fimonoid portion of 1 was n fact 2. All of the oxygen
functional groups of 2, and no others, were accounted for
1n the !3C spectra. The carbon resonances not adjacent to
the D-ring were very similar to those of 2, except for C-5.
The latter difference can be rationalized by its presence at
the junction of the A’- and B- rings. A Drerding model of 2
showed that significant strain 1s involved in closing the D-
ring Relef of this strain upon opening the ring to form
the glycoside would be transmitted to the other rings and
would be especially significant at the ring juctions.
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Commercial B-glucosidases including naringinases did
not hydrolyse the limonoid glucosides. However, a spe-
cies of bacterium, capable of metabohizing the glucosides,
was isolated from so1l on a mineral sait medium contain-
ing 1 as a single carbon source. The compound recovered
from the 1 growth medium was shown to cochromato-
graph with 2 on TLC. This confirms that the limonoid
portion of 1 1s 2. Thus, we have assigned the structure
limonin 17-0-8-D-glucopyranoside to 1

Three more polar limonoids (4-6) isolated by column
chromatography showed 'H and '*C MNR spectra anal-
ogous to those of 2, in respect to the presence of sugar
resonances and the unusual chemical shifts of the protons
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Table 1 *H NMR spectra of imonoid glucosides

H 1 4 5 6
a-Furans 7.52 750 750 752
742 741 741 742
B-Furan 654 653 653 654
17 521 523 517 516
19 441 - - -
1 423brs 4684 380m 639d
(73) (12.7n
2 —-- - 588d
1zmn
15 319 302 309 305
C-Methyls 137 143 138 138
123 136 134 135
0.99 133 128 129
071 097 085 105
077 078 080
Acetate methyl  — 2082 - -
Sugar H-1 413d 412d 4124 411d
7y 73) (76 (73)
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Table 2. '*C NMR spectra of imonotd glucosides

C 1 4 5 6
t 779 707 674 1503
2 356 356 40.1 1195
3 169.9 169 5 1710 1654
4 798 84.1 835 832
5 557 470 453 513
6 36.6 38.9 401 40.0
7 2072 208 8 209.9 208.5
8 505 508 508 514
9 453 42.0 41.5 467
10 45 4* 43 1* 44 4* 44.4*
11 17.0 151 15.1 17.3
12 266 264 26.6 26.7
13 44 9% 44 3* 43.9* 44 1*
14 708 711 710 708
15 571 577 575 574
16 169 6* 169.4 169 3 169.2
17 778 7171 7717 77.8
19 637
20 1255 125.7 1257 1255
21 141.5 1415 141.5 1417
22 1125 1126 112.6 112.6
23 1408 140.6 140.6 140.7
C-Methyls 304 323 321 29.9
25.1 249 250 254
218 220 224 231
190 190 18.7 194
133 139 151
Acetate carbonyl 169.2*
Acetate methyl 205
Glucose C-1 1044 1044 104 5 104.4
Glucose C-6 616 617 617 61.6
Glucose C2-C4 769 770 771 770
76.2 76.1 76.1 76.2
74 1 74.2 742 741
706 706 70.8 706

*Assignments 1n the same vertical column may be re-
versed

and carbons in the vicinity of the D-ring. As Tables 1 and
2 show, these signals were so similar that there is no doubt
that the sugar attachment was the same in all four
compounds. Compounds 4-6 each showed five C-methy)
signals in their proton spectra. Based upon the NMR
data, the aglycones were found to be as follows: nomilin
(3) for 4, deacetylnomilin (7) for 5, and obacunone (8) for
6. Agan, the resonances of those carbons not adjacent to
the D-ring in the glucosides were very similar to those of
the aglycones, with the exception of C-5, and, in the case
of 6, C-1and C-2. Possibly the conformation of the A-ring
in 6 is significantly changed upon opening of the D-ring.

Compounds 2, 3, 7 and 8 are the major neutral
limonoids present in a vanety of citrus seeds [5]. This
work showed that their 17-0-8-D-glucosides are also
present 1n grapefruit seeds as the major derivatives. TLC
analyses showed that five commercial orange juices con-
tained an average 320 ppm of glucoside derivatives. Or-
ange juices could provide an excellent source of hmonoid
aglycones which have been reported to possess anticar-
cinogenesis activity in mice [6].
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TLC analyses showed that there were no detectable
amounts of monoid glucosides 1n leaves and stems of
young Curus limon seedlings, and also in immature 11
and 60 g Citrus limon fruits. However, a mature 236 g fruit
possessed 330 ppm. This suggests that glucose derivatives
are formed during late stages of fruit growth and matura-
tion. The biochemistry of limonoid glucosides 1n citrus
will be studied.

Preliminary studies indicated that some hmonoid giu-
cosides such as 1 and 4 are mildly bitter as compared to
the intense bitterness of their limonoid aglycones. The
possible impact on citrus juice flavours will be investi-
gated.

EXPERIMENTAL

Materials. Grapefruit seeds were obtained from Bordo Citrus
Products, Winter Haven, FL. Seedlings and a mature tree of
Cutrus limon were grown at the Pasadena Laboratory Orange
Juices were purchased from a local store Adsorbent XAD was
purchased from Accurate Chemical & Scientific Corpn, West-
bury, NY, and Amberiite XAD-2 was obtained from Sigma
Chemical Co, St Louis, MO. An enzyme system for D-glucose
determination (Cat No 716251) was purchased from Boehringer
Mannheim Biochemica Sihica gel TLC plates were used for
analyses of limonoids and limonoid glucosides Solvent systems
used for glucoside analysis were EtOAc-MeCOEt-HCO,H~
H,0(5:3:1-1) or BuOH-NH,OH-H,0 (9 1 1) For imonoids,
three solvent systems were used: cyclohexane~EtOAc (2.3),
CH,Cl1,-MeOH (49-1) or EtOAc-CH,Cl, (2-3) Plates were
sprayed with Ehrlich’s reagent and a typical pink colour was
developed in a HCl gas chamber [4].

Extraction of glucosides Grapefruit seeds were washed thor-
oughly with H,0 and dned at first in open air, then in a 60° oven
Seed meals obtained from dried seeds were extracted first with
hexane to remove oily matenals Then, glucoside-free hmonoids
were extracted with Me,CO The residue was finally extracted
with MeOH to obtain limonoid glucosides, All extractions were
carnied out at about 55-60° 1n a custom made extractor

Quantitation of glucosides. Total hmonoid glucosides in grape-
fruit seeds and commercial orange juices were estimated by TLC
analyses. A 5 g portion of the grapefruit seed meal was treated
first with hexane to remove oily materials and then refluxed with
125 ml MeOH overnight This was centrifuged at 10000 g for
10 min and filtered The residue was washed thoroughly with
MeOH. The combined filtrate was used for quantitation of total
glucosides by TLC using a standard of 1 For orange juices, a
2 ml portion of centrifuged juices was treated with a Sep-Pak and
the MeOH eluant was used for analyses.

Isolation of glucosides. The MeOH extract was evapd to near
dryness and the residue was dissolved 1n a mmimal portion of
H,O0. The soln was then transferred to the top of a column (5
x 47 cm) packed with Amberlite XAD-2. The column was
washed thoroughly with H,O and the glucosides were eluted
with MeOH. After the MeOH fraction was evapd, the residue
was dissolved 1n a minimal portion of H,O. A portion of the soin
was then fractionated on a column (2 x90 cm) packed with
XAD The column was eluted linearly with 500 mi each of 10%
and 55% MeOH Four major hmonoid glucoside fractions were
coflected 1n this order 1, 5, 4 and 6. Each fraction was further
fractionated on XAD columns (3x30cm or 2x90cm) with
linearly increasing concentrations of MeCN in H,O. If necess-
ary, the fractions were again fractionated on the XAD column,
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which was eluted with linearly increasing concentrations of
MeOH m H,0. After repeated CC, four hmonoid glucosides
were obtatned in pure form.

Acid hydrolyses. Each 1solate (5 mg) was dissolved mn 1 mi
0.5 M HCl and heated at 70°. After 5 hr of heating, the soln was
brought to pH 7.0 and a portion was used for identification of the
sugar moiety.

Enzynuc dentification of the sugar motety D-Glucose in the
acid hydrolysate was enzymatically determined with a hexokin-
ase, glucose-6-phosphate dehydrogenase system according to the
procedure given by Boehringer Mannheim Biochemica.

NMR analyses. Al NMR spectra were run in DMSO-dg at
90°, at 270 MHz for 'H and 67 8 MHz for '*C '3C spectral
assignments were made on the basis of SFORD and DEPT
spectra, selective heteronuclear decoupling, and comparison
with spectra of related hmonoids for which assignments had
previously been made [7, 8] Spectra for compounds 2 and 8 are
i ref [7], and those for 3 and 7 1n ref [8]
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