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Abstract

Flavonoid and limonoid compounds were determined by HPLC on the methanol and ethanol extracts from

citron seeds. The quantities of the compounds in these categories were higher in the ethanol extract than
methanol extract. The types of these compounds were detected in larger numbers in the ethanol extract. The
content of limonin was the largest in both methanol and ethanol extract among the detectable compounds;
140.34 mg/100 g and 170.98 mg/100 g, respectively, and the contents of other compounds, caffeic acid, naringin,
lutin, nomilin, were found in large amount in this order. The molecular weights of forty two compounds in
ethanol extract were determined with mass spectrums and extracted ion current chromatograms by HPLC/MS.
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Fig. 1. HPLC chromatograms of flavonoid and limonoid
compounds of standard, methanol and ethanol extracts from
citron seed.

Upper: standard compound. Middle: methanol extract.

Under: ethanol extract.

1: p-Hydroxybenzoic acid, 2: Gentisic acid, 3: Vannilic acid, 4
Caffeic acid, 5 Syringic acid, 6: Chlorogenic acid, 7: Tannic acid
1, 8 Tannic acid 2, 9 p—Coumaric acid, 10: Lutin, 11: 7-Amino-
4-methy! coumaric acid, 12: Naringin, 13: Ghost peak, 14: Hes-
peridin, 15: Coumarin (cinnamic acid), 16: Quercetin dihtdrate +
Luteolin, 17: trans-Coumaric acid (f-cinnamic acid), 18 Na-
ringenin, 19: Kaemferol, 20: Hesperetin, 21: Limonin, 22: Carvone +
Perilic acid, 23: Nomilin, 24: Flavone, 25: Flavanone, 26: Coumarin
35, 27: Limonene.
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Table 1. The contents of aromatic acid, flavonoid and limo-
noid compounds in the citron seed (mg/100 g)
(Dry matter base)

Extraction solvents

Methanol Ethanol

Compounds Grape- Grape-
Citron fruit Citron fruit

p-Hydroxybenzoic acid 1459 294 1545 284
Gentistic acid 154 298 1.88 1.98
Vanilic acid 1354 512 1545 497
Caffeic acid 9836 254 10276 354
Tannic acid 13.84 977 1799 1056
p-Coumaric acid 38.26 - 4535 -
Lutin . 3488 245 6512 1220
7-Amlno-4-methyl coumarin trace - 356 -
Naringin 97.72 1799 10043 66.76
Hesperidin 1082 2345 2178 20.84
Coumarin 13.97 - 1791 -
Quercetin dihydrate + Luteolin - - 578 145
t-Coumarin - - 789 354
Naringenin 1076 1.76 16.12  9.88
Hesperetin 755 288 10.67 3.75
Limonin 140.34 879 17098 56.75
Nomilin 4140 322 4536 2054
Flavone - - 10.32 -
Flavanone - - 754 -
Coumarin 35 - - 966 3.12




356 F74g - Aol -

v
56004

480.0 J

a0 ()1
]

2200}

240.0

1500}
3

%-|

[

Fig. 2. Simultaneous LC/UV chromatogram (upper) and
total ion chromatogram of LC/MS (under) of the ethanol
extracts from citron seeds.

Peak assignments are listed in Table 2.
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Fig. 3. m/z spectrum of the peak number 28 in total ion
chromatogram from LC/MS in Fig. 2 (above) and extracted
ion current chromatogram of m/z 471 (under).

m/z 471 was limonin, [M+H] .

Table 2. Peak assignment for the analysis of the 95% ethanol
extractor from fermented citron seeds

Peak tz (min, TIC) [M+H]

Identification

1 2.16 287 Unable

2 2.36 287 Unable

3 2.59 287 Unable

4 5.23 427 Unable

5 9.92 169 Vanillic acid

6 10.05 181 Caffeic acid

7 11.98 - Tannic acid”

8 13.07 165 p-Coumaric acid

9 13.20 - Unable

10 14.21 665 Lutin

11 15.43 581 Naringin

12 15.87 611 Hesperidin

13 16.80 663 Unable

14 16.95 607 Unable

15 17.31 147 Coumarin

16 17.99 607 Unable

17 19.48 - Unable

18 19.76 - Unable

19 20.69 339 Quercetin dihydrate
20 22.21 505 Unable

21 23.31 273 Naringenin
22 23.90 258 Unable

23 2441 303 Hesperetin

24 25.50 353 Unable
25 25.62 295 Unable
26 2751 487 Unable
27 28.23 473 Unable
28 29.44 471 Limonin
29 29.78 - Pernillic acid+carvone
30 31.23 515 Nomilin
31 34.01 223 Flavone
32 35.61 225 Flavanone
33 36.88 301 Hispidulin
34 37.20 301 Methoxyflavone derivative
35 38.68 286 Coumarin

36 3899 277 Unable
37 39.35 295 Unable
38 40.60 355 Flavanone derivative
39 41.03 263 Flavanone derivative
40 42.60 143 Unable
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Fig. 4. Extracted ion current chromatograms of peak num-
ber 28 in total ion chromatogram (Fig. 2).
Chromatograms were recorded at m/z 353, 313, 295 corresponding
to m/z of aglycone of limonin.
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Fig. 5. m/z spectrum of peak number 24 (retention time 25.50
min) in total ion chromatogram from LC/MS.
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