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Studies on the Limonoids in Citrus Fruits

L. Seasonal Changes of Limonoid Components in Ponkan, Tankan,
Early Satsuma Mandarin and Natsudaidai Fruits
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Table 1, Recovery of limonin added

to citrus fruit juice

Limonin in L;g‘é)endm Observed Recovery

juice (ug/mD) Cug/mb (ng/mb (%)
4.2 5.0 8.9 97
4.2 10.0 15. 4 109
4.2 25.0 29. 4 101
5.5 5.0 10.3 98
5.5 10.0 15.5 100
5.5 25.0

28.0 91

) ZFHEHEE V=010 K 2548 ORE Y
AR LIGETDED, Fry b A—Z—THESLEE
S DA B2RICRL.. BRI 1028 ©
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T2V e/ ) VEEBERICRY, CORBETER
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Table 2,

Replicate analysis of limonin by densitometer

Amount of limonin

Coefficient of

spotted (ug) Recorder response (mm) Average variation
10.0 10. 5 11.0 11.7 11.5 12.0
10 11. 4 11.3 11.1 11. 4 12.0 11.8 11.45 5.03
11. 6 12.0 11.9 12.0
22.5 23.9 23.4 23.5 22.7 23.1
25 23.3 23.1 23.0 24.0 23.8 24.0 20. 08 6. 04
25.0 26.2 26. 8 27.0
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Fig. 4. Seasonal changes in limonoid composition of the component parts of Ponkan
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Table 3. Distribution of limonoid in the component parts of 4 citrus varieties
Limo-
Variety Parts naeéE: %%?gﬁ%l‘ 111);1?)):1)1/;1 Limonin Nomilin Ol?ggg“
Peel + Ht +
Ponkan (Dec.) 1S:'le§%1‘ i w T
Seed H- it HHt
Peel =+ + + H + +
Tankan (Feb.) %lelg/}[{ i - ﬁf i i
Seed H H- H R 1 +
Early satsuma mandarin SPG?\IA _j”l_-_ i - ﬂr i <
(Nov.) Flesh + B - + + T
: Flavedo  + + - + +
Albedo -+ -+ H H +
Natsudaidai (Feb.,) S. M. -+ =+ -+ H H +
Flesh + + =+ it + +
Seed H+ +- Ht A H +
S. M.: Segment membrane, +: Trace~<{1, 4 : 1~<10,

11 10~<100, H: 100~< 1000, H#: >>1000 (ppm)
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Table 4. Sensory test of the bitterness of limonin and nomilin
Bitterness (%
Sucrose Citric acid T e s T T
Limonin m) Nomilin (ppm)
% %) N
0.5 1.0 2.0 5.0 10.0 0.5 1.0 2.0 5.0 10.0
0 0 0 10 30 50 80 10 25 45 65 85
2 0 0 0 5 15 65 5 15 40 50 70
10 0 0 0 5 10 60 5 15 25 25 60
10 0.5 5 25 30 40 45 10 15 25 25 65
10 1.0 5 35 45 50 55 10 20 30 30 60
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Summary

The purpose of this study was to investigate the seasonal changes in limonoid composition
(a principal bitterness in citrus fruits) of the component parts such as seed, flesh, segment
membrane and peel of the following: Ponkan mandarin (Citrus reticulata Blanco), Tankan
(Citrus tankan Hayata), Early satsuma mandarin: Wase (Citrus unshiu Marc,) and Natsudaidai
(Citrus natsudaidai Hayata) during the various stages of growth and ripening. The bitterness
of nomilin isolated from seeds of Natsudaidai was compared with that of limonin by a sensory
test,

1. The limonoids extracted with methylene chloride were separated by a thin layer chro-
matography, and an individual compound visualized with Ehlrich’s reagent was directly
evaluated with a chromatoscanner, using limonin as a standard sample, This analysis which
is of relatively simple and rapid method, showed 91-109 % of recovery and 5-6 % of coefficient
of variation, nomilin showing 75 % of visualization to limonin,

2. Ponkan contained only three kinds of limonoid; limonin, nomilin and limonexic acid.
On the other hand, Tankan, Early satsuma mandarin (Wase) and Natsudaidai contained six
kinds of limonoid: deoxylimonin, deacetylnomilin and obacunone in addition to the above men-
tioned limonoids, In seeds and segment membranes of Ponkan and Tankan, the content of
nomilin was most abundant and limonin was in the next in order of quantity., The amounts
of limonoid in seeds of Ponkan and Tankan were bigger than that of Natsudaidai.

3. As the fruits matured, all limonoid constituents in seeds increased quite rapidly in
quantity, but the content of limonoids in flesh decreased in a fixed rate, The flesh of Ponkan
contained more limonoid than that of Tankan, The nomilin content in the segment membrane
of all the fruits tested was found to be decreasing remarkably just before optimum harvest
maturity, The segment membrane of Early satsuma mandarin (Wase) fruits contained limonoid
in a greater quantity than in the others, which decreased markedly during fruit maturation,

4. As the results of sensory test, the bitterness of nomilin was proved to be approximately
two times as much as that of limonin., Since it was contained abundantly in seed and in
immature segment membrane of Ponkan and Tankan, it was presumed to be a major constituent
of the bitterness of these citrus fruits, Early satsuma mandarin (Wase) appeared to show the
bitterness sometimes, and it was assumed to be attributable to limonin in segment membrane
observable at the immature time,



