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Inhibition of N-nitrosodimethylamine Formation of Extracts from Citrus Seeds
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Abstract

The effect of inhibition on N-nitrosodimethylamine (NDMA) formation by methanol extracts from 6 kinds of
citrus seed (Citrus sunki, Citrus natsudaidai, Citrus sulcata, Citrus tangerina, Citrus grandis and Citrus
obovoidea) were investigated. The contents of moisture, crude protein, crude fat, carbohydrate, ash, flavonoid
and total phenol in citrus seeds were 4~6, 11~15, 32~46, 22~45, 2~4%, 12~24ng% and 53~133mg%,
respectively. The solid contents and yield of citrus seed extracts were 0.8~1.0 and 0.7~1.1%, respectively.
Nitrite-scavenging activity by methanol extracts from citrus seeds increased with increasing extract dosage.
Furthermore, the nitrite scavenging activity was pH dependent being the highest at pH 1.2 (42.7~96.9%) and
the lowest at pH 6.0 (19.9~62.6%). Scavenging effects of nitrite by reaction time showed high effects under
3hr reaction time. The inhibition effect of NDMA formation by the citrus seed was strengthened as the amount
of extract increased. The inhibition rate of methanol extracts from citrus seeds on NDMA formation showed 1.
2~39.8%, 21.3~60.1% and 47.4~94.0%, according to add 1, 3 and 5mf, respectively. Therefore, the inhibition
effect of NDMA formation by the citrus seed was strengthened as the concentration of extract increased.
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Tabel 1. Scientific name of Citrus varieties

Varieties Scientific name
Kumkamija(KK) Citrus obovoidea
Dangyooija(DY) Citrus grandis
Sankyool(SK) Citrus sunki
Sambokam(SB) Citrus sulcata
Peonkyool(PK) Citrus tangerina
Hakyool(HY) Citrus natsudaidai
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Fig. 1. Schematic diagram for extraction of citrus seeds
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Table 2. Conditions for GC-TEA analysis of N-nitrosamine

Items Conditions

Instrument GC, Hewlett-Packard Model 5890A

TEA, Thermo Electron Corp. Model 543

10ft x 2mm I d. glass column

10% Carbowax 12M/80-100
Chromosorb WHP

Column
Packing material
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Table 3. Proximate composition of citrus seeds

Moisture  Crude Crude Carbohydrate
Sample o protein(%) lipid%) (% AP
KK 41 a1 375 392 32
DY 48 12 326 45.1 28
SK 47 150 426 25 4.1
SB 42 150 462 300 35
PK 64 133 362 38.8 29
HY 44 122 408 3738 30

Table 4. Solid content and yield of methanol extracts
from citrus seeds

Carrier & flow rate He, 25ml/min Solvent Solid content(%) Extraction yield(%)
Oven temp. 140-170C, at 5°C/min KK 1.2 1.1
Injection temp. 180°C 154 1.0 0.9
Pyrolizer temp. 550C SK 11 1.0
Interface temp. 200°C SB 1.2 1.1
Analyzer pressure 1.9 torr PK 09 0.8
Chart speed 0.5 cmjmin HY 0.8 0.8
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Table 5. Content of flavonoids and total phenolics from
citrus seeds

Citrus seeds Flavonoids(mg%) Total phenolics(mg%)
KK 13.7 245
DY 224 53.1
SK 11.5 28.1
SB 23.5 22.0
PK 14.1 209
HY 22.4 33.7

Table 6'. Nitrite scavenging effect of citrus seed extracts
at pH 1.2 by reaction time and amount of addition(%)

Sample Reaction amount of addition(m¥)
time(hr) 1 3 5
1 40.1 61.6 68.3
KK 3 35.2 58.3 4.2
5 36.7 67.5 76.6
1 21.2 36.4 55.8
DY 3 23.7 482 72.5
5 223 421 64.9
1 32.1 41.6 57.6
SK 3 36.9 80.3 94.1
5 34.0 77.1 87.9
1 238 634 81.5
SB 3 29.3 85.0 96.9
5 22.6 78.6 934
1 17.5 324 36.7
PK 3 140 36.6 427
5 7.5 337 38.3
1 21.6 49.6 60.7
HY 3 15.8 554 57.4
5 19.2 34.5 46.9

1. Mean of triplicate experiments.
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Table 7'. Nitrite scavenging effect of citrus seed extracts
at pH 3.4 by reaction time and amount of addition(%)

Sample Reaction amount of addition(mf)
time(hr) 1 3 5
1 3.6 38.1 63.0
KK 3 5.7 320 63.5
5 5.0 414 64.9
1 23.0 42.3 513
DY 3 17.0 40.6 54.7
5 5.7 15.5 46.0
1 1.7 28.2 325
SK 3 2.3 24.0 53.6
5 2.1 26.6 34.0
1 0.5 19.6 471
SB 3 18.1 47.6 70.2
5 0 36.6 58.4
1 6.7 27.6 338
PK 3 6.5 30.8 36.7
5 6.3 244 354
1 19.1 51.5 67.9
HY 3 7.2 52.6 59.6
5 6.7 359 419

1. Mean of triplicate experiments.
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5 22 7.2 24.5 Table 9'. Inhibition rate of citrus seeds extracts on
1 0 15.1 41.2 N-nitrosodimethylamine formation(%)
SB 3 5.2 352 62.6 Sample amount of addition{(m¢)
5 0 4.7 36.5 1 3 5
1 52 6.0 8.1 Kumkamja(KK) 19.7 21.3 53.6
PK 3 0 234 36.0 Dangyooja(DY) 16.7 26.8 644
5 69 232 30.9 Sankyool(SK) 39.8 46.0 52.5
1 1.6 43 18.0 Sambokam(SB) 12 4.5 94.0
HY 3 1.8 11.2 19.9 Peonkyool(PK) 399 60.1 722
5 7.5 237 31.3 Hakyool(HY) 34.0 394 474

1. Mean of triplicate experiments.
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