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Abstract

The purpose of this study was to analyze the changes in physicochemical characteristics and NDMA formation of
Orostachys japonicus A. Berger according to harvest times. The results showed moisture, carbohydrate, crude fiber and crude
protein contents of 48.5+1.4%, 38.2+1.2%, 15.8+0.4% and 13.2+0.6% respectively. The total mineral content was 4,817.1
mg/100 g, where Ca was highest(2,577.0+3.2 mg/100 g), followed by K, Mg, Na, P and Fe. The composition amino acid
of O. japornicus A. Berger showed high levels of glutamic acid and aspartic acid. And among the five free sugars detected,
galactose and glucose were most abundant at 32.2+0.02 mg/100 g and 25.3+0.10 mg/100 g, respectively.

Upon comparing O. japonicus A. Berger extracts that came from plants harvested during August~ October, total phenolic
compound(2,703.1+5.21 ~2,428.0+3.52 mg/100 g) and flavonoid(634.2+2.33 ~1,324.6+1.87 mg/100 g) contents were higher
in the methanol extract than in the water extract. Also, within a reaction system, nitrite scavenging ability and NDMA inhibi-
tion were most effective at pH 2.5, and increased in proportion to the extract concentration. Finally, the methanol extract
of O. japonicus A Berger harvested during August~October had the highest nitrite scavenging and NDMA inhibition effects.

Key words: Orostachys japonicus, composition amino acid, free sugars, total phenolic compound, nitrite scavenging ability.
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Table 1. Proximate compositions of Orostachys japonicus
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Table 2. Mineral contents of Orostachys japonicus A.

Berger (mg/100 g)
Minerals Contents
Al 67.7<1.8"
Ca 2,577.0+£3.2
Cu 17.6£0.5
Fe 133.7£2.2
K 937.6+2.5
Mg 505.842.0
Mn 35.6+1.5
Na 309.3+1.8
P 190.2+1.0
Zn 42.6+1.2
Total 4817.1

Y Each value represents meantSD, n>3.

Table 3. Composition amino acid contents of Orostachys

japonicus A. Berger (mg/100 g)
Amino acids Contents
Aspartic acid 99.8+1.8"
Threonine 43.5£1.0
Serine 47.4+1.0
Glutamic acid 156.4+£2.8
Proline 37.4+0.8
Glycine 47.4£2.0
Alanine 52.1+1 .4
Cystine 15.1+0.4
Valine 64.9+1.6
Methionine 33.9+1.2
[soleucine 53.9+1.6
Leucine 82.2+£2.0
Tyrosine 63.6:1.4
Phenylalanine 64.0£1.2
Histidine 22.8+0.8
Lysine 64.1+1.3
Arginine 51.9+1.2
Total 1,000.4

" Each value represents mean+SD, n=>3.

A. Berger (%)

Compositions Contents

Moisture 48.5+1.4"

Crude protein 13.2+0.6

Crude lipid 2.440.5

Ash 1.44+0.3

Carbohydrate 38.241.2

Crude fiber 15.8+0.4

Reducing sugar

12.5+0.8

" Each value represents meantSD, n>3.
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Table 4. Free sugar contents of Orostachys japonicus
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Table 5. Total phenolic compound and flavonoid con-
tents of solvent extracts from Orostachys japonicus A.

Berger according to harvest times (mg/100 g)

Etracts Total phenolic Flavonoid
compound contents

June 347.2+1.26° 238.3+1.43°

July 782.3+3.22¢ 322.7+1.21°

August 2,703.1+5.21" 634.2+2.33"

Methanol September 2,632.1+2.38"™ 1,012.143.24'

October 2,428.0+3.52' 1,324.6+1.87"

November 1,462.8+1.70" 1,211.4+1.36"

December 1,232.4+1.23" 985.341.32"

June 525.3+0.55" 217.642.55"

Tuly 800.2+1.37° 253.3+1.98°

August 1,985.442.34 511.142.14%

Water  September 1,865.5+1.89' 824.9+3 87

October 2,004.242.17" 941.2+2 84

November 1,312.1+1.99% 442 8+3.62"

December 998.6+1.86° 401.6+2.40°

A. Berger (mg/100 g)

Free sugurs Contents
Arabinose Trace"

Glucose 25.3+0.10

Sucrose 10.3+0.03

Fructose 7.8+0.08

Galactose 32.240.02

Maltose 18.4+0.05
Xylose Trace
Total 95.00

" Each value represents meantSD, n>3.

“"" Means with different superscripts in the same column significan-
tly difference(p<0.05).
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Table 6. Nitrite scavenging ability of solvent extracts from Orostachys japonicus A. Berger in reaction system of

pH 2.5 according to harvest times (Scavenging ability(%))

Concentration (ug/mb)

Extracts
100 250 500 1,000
June 8.6+0.12°* 12.3+0.11%° 33.4+0.17° 45.3+0.11"
July 11.0£0.25% 15.6+0.14°° 22.8+0.16™ 138.70.17%
August 53.9+0.18 61.4+0.33*" 73.5+0.42 75.4+0.13"°
Methanol September 60.2+0.22' 64.2+0.22" 68.3+:0.22' 72.8+0.05
October 63.9+0.20™ 68.4+0.15™ 70.2+1.18 75.3+0.14"
November 23.5+0.45% 34.7+0.16™ 41.0+0.20" 52.4+0.16%°
December 18.7+0.22% 23.6+0.25" 36.4+0.17° 43.2+0.18%"
June 8.9+0.11% 13.3+0.14™ 24.5+0.20° 32.1+0.19®°
July 7.8+0.18* 12.740.25% 22.7+0.14% 32.3+0.20%
August 40.2+0.25" 45.2+0.17" 49.6+0.165 53.8+0.24™
Water September 27.6+0.13™ 33.4+0.43%° 41.6+0.27" 56.5+0.30"
October 32.3+0.24" 44.4+0.16" 53.6£0.17" 68.2+0.29"
November 13.4+0.19* 16.4+0.18% 24.5+0.08" 32.740.04°
December 16.7+0.23% 21.0+0.42°" 29.7+0.07° 37.4+0.23

*"™ Means with different superscripts in the same column significantly difference(p<0.05),
A™P Means with different superscripts 1n the same row significantly difference(p<0.05).

Table 7. Nitrite scavenging ability of solvent extracts from Orostachys japonicus A. Berger in reaction system of

pH 4.2 according to harvest times (Scavenging ability(%))

Concentration (ug/mf)

Extracts
100 250 500 1,000
June 0.7+0.08** 3.4+0.06™ 8.14£0.03° 18.3+0.16™
July 10.2+0.10%* 18.7+0.14™ 20.240.04™ 22.540.24°°
August 22.7+0.16 31.1+0.09™ 43.740.33™ 46.2+0.33"°
Methanol September 22.540.184 28.7+0.17" 33.6+0.29™ 52.2+0.45"
October 18.4+0.19* 22.540.16" 33.440.21 44.3+0.39"
November 7.8+0.09% 18.6+0.28" 25.4+0.19" 30.2+0.278°
December 9.5+0.21" 14.7+0.07" 18.3+0.17° 21.5+0.16"
June 0.9+0.04** 4.2+0.09" 9.9+0.06™ 15.7+0.13%°
Tuly 8.8+0.06™* 11.7+0.13%® 22.240.17% 26.6+0.17"
August 16.9+0.12" 21.8+0.11" 26.4+0.18' 30.240.29%°
Water September 18.4+0.07" 25.4+0.16 33.24+0.31% 42 5+0.38"
October 11.3+0.05™ 17.5+0.07% 28.3+0.19C 32.240.16™
November 6.9+0.13 9.7+0.06™ 12.3+0.10% 15.4+0.09°
December 4.240.12" 7.5+0.07°" 11.8+0.18 20.2+0.16%

Means with different superscripts in the same column significantly difference(p<0.05),
AP Means with different superscripts in the same row significantly difference(p<0.05).

F57b FobA4S NDMA Aol thak o}x] o] frojo
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Table 8. Nitrite scavenging ability of solvent extracts from Orostachys japonicus A. Berger in reaction system of

pH 6.0 according to harvest times

(Scavenging ability(%))

Concentration (y:g/ml)

Extracts
100 250 500 1,000
June 1.340.13% 3.740.09 5.6+0.01° 8.7+0.03%"
July 0.7+0.06** 4.5+0.01" 8.320.06%° 14.7+0.09%
August 7.7+0.09" 8.9+0.12° 11.5+0.04 16.24+0.04"
Methanol September 6.9+0.16* 8.6+0.03" 11.3+0.02 20.2+0.08""
October 5.340.18" 7.4+0.05™ 14.2+0.08 25.3+0.05"
November 2.0+0.06* 54+0.11% 10.4+0.16" 18.4+0.10"
December 3.2+0.09% 6.6+0.05% 8.0£0.05™ 10.5+0.06™
June 1.340.06°* 4.3+0.06™ 5.5+0.03*¢ 6.420.08"
July 0.9:+£0.02™ 3.140.08° 5.3+0.04° 6.9:+0.04"
August 3.6+0.08"™ 4.2+0.10® 6.2+0.09° 7.3+0.08°
Water September 2.8+0.06™ 5.3+0.06™ 7.940.11 10.240.06™
October 4.6+0.10" 8.3+0.04" 12.5+0.06" 15.3+£0.07"™
November 2.7+0.09% 3.340.05™ 7.3+0.08% 8.9+0.06%
December 2.2+0.07" 5.440.13" 7.3+0.09% 8.6+0.04"°

a—1

Means with different superscripts in the same column significantly difference(p<0.05),
AP Means with different superscripts in the same row significantly difference(p<0.05).

Table 9. Inhibiting effect of solvent extracts from Orostachys japonicus A. Berger NDMA formation in reaction
system of pH 2.5 according to harvest times

(Scavenging ability(%))

Concentration (ug/mf)

Extracts
100 250 500 1,000
June 10.3+0.22* 22.6+0.16” 30.3+0.24° 44.3+0.22%°
July 13.840.16% 32.240.28™ 41.9+0.19" 59.3+0.19%°
August 58.2+0.29" 63.9+0.39™ 71.940.52¢ 73.3+0.43"
Methanol September 45.9+0.31 58.6+0.16 69.8+0.24 80.3+1.30"
October 39.9+0.21° 62.3+0.43" 77.240.46™ 82.9+1.36"
November 27.10.18" 42.2+0.12" 51.3+0.31' 68.3+0.42"
December 19.8+0.19* 31.640.09°" 40.240.27° 52.440.19™
June 9.8+0.06™ 17.4+0.13" 26.6+0.20™ 37.4+0.28"
July 11.4+0.08>* 26.5+0.18" 33.040.18" 42.8+0.41°
August 32.2+0.21™ 36.8+40.26™ 43.6+0.26% 51.5+0.23
Water September 28.9+0.068* 33.7+0.39%° 45.1+0.42" 59.9+0.42%°
October 36.4+0.28" 48.3+0.23" 52.240.331 63.3+0.34™
November 16.7+0.13% 26.9+0.18" 31.0+0.10° 43.2+0.26™
December 9.9+0.08** 14.3+0.19 26.6+0.19° 36.5+0.40"

*"™ Means with different superscripts in the same column significantly difference(p<0.05),

AP Means with different superscripts in the same row significantly difference(p<0.05).

NDMA A4-& A7 s, ol oFdatedl A%} vlr)
A2 8~108l] AT 2hSollA NDMA 47 2] 21go] o
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oA NDMA A4 A ¥]E&ES 2 e FE2E8 4.2+
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Table 10. Inhibiting effect of solvent extracts from Orostachys japonicus A. Berger NDMA formation in reaction

system of pH 4.2 according to harvest times

(Scavenging ability(%))

Concentration (pg/mf)

Extracts
100 250 500 1,000
Fune 2.4+0.06* 7 4+0.08% 10.2+0.04° 15.8+0.14%
July 4.3+0.08™ 9.8+0.07™ 15.240.09" 19.7£0.03%
August 11.8+0.09" 21.84+0.05" 27.3+0.07° 29.74+0.15%
Methanol September 13.4+0.05 15.5+0.11°° 28.9+0.08 33.2+0.39"
October 10.240.07" 24.7+0.16™ 35.6+0.28™ 44.2+0.42'°
November 8.5+0.04%* 27.4+0.17™ 30.2+0.17 43.120.32"°
December 9.5+0.06™ 11.8+0.09" 22.9+0.15" 32.2+0.21™
June 3.2+0.08% 5.940.08"" 11.740.13% 16.8£0.06°
July 3.7+0.07°4 6.8+0.03" 11.5+0.10™ 17.0+0.17™
August 8.5+0.118* 11.240.04% 14.6+0.08° 18.2+0.03°
Water September 5.9+0.06°* 14.7+0.08'" 18.4+0.06% 21.240.18%
October 6.3+0.07% 11.4+0.06™ 19.8+0.07" 24.3+0.21™
November 4.340.06™ 7.9+0.07%® 12.6+0.10° 19.4+0.18%°
December 3.6+0.01" 8.3+0.09° 13.340.03% 18.240.16%

> Means with different superscripts in the same column significantly difference(p<0.05),
P Means with different superscripts 1n the same row significantly difference(p<0.05).

Table 11. Inhibiting effect of solvent extracts from Orostachys japonicus A. Berger NDMA formation in reaction
system of pH 6.0 according to harvest times

(Scavenging ability(%))

Concentration (ug/mf)

Extracts
100 250 500 1,000
June 0.840.06™ 2.4+0.07" 3.6+0.09™ 4.840.02%"
July 1.440.04% 2.740.05% 4.10.02" 5.5+0.05"
August 2.8+0.02'4 3.5+0.04" 4.6+0.07¢ 7.240.09°
Methanol September 3.6+0.06 5.7+0.03" 7.740.03 8.940.07"
October 4.4+0 074 7.240.01™ 8.1+0.02"¢ 9.3+0.06™
November 2.240.024 3.9+0.05"" 4.7+0.08"¢ 6.2+0.05"
December 2.1+0.07™ 3.2+0.00™ 4.4+0.00"¢ 5.3+0.06™
June 0.6:+£0.02** 1.3+0.06™ 2.0+£0.07° 2.9+0.08"
July 0.8+0.04** 1.440.02% 1.9+0.06* 2.6+0.07%
August 1.3+0.06* 11.9+0.08" 2.4+0.02° 3.4+0.06™
Water September 2.2+0.074 2.8+0.02" 3.3+0.07° 4.2+0.02"
October 1.940.05%* 2.6£0.07™ 3.6+0.02™ 4.8+0.08%
November 1.8+0.03" 2 440,02 2.9+0.03% 3.240.02%°
December 1.5+0.04%* 2.3+0.06™ 3.8+0.04%" 4.0+0.04°°

“™ Means with different superscripts in the same column significantly difference(p<0.05),
A™D Means with different superscripts in the same row significantly difference(p<0.05).
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